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Synthesis of Boranilide and its Derivatives : 
Theories on the formation of the 
Condensation-products. 

By 

Tarjniciiaran Ciiaudhuri, M.A., Pii.D., A.I.C. 

Introduction. 

It is well-known that anilides arc an important class 
of compounds of physiological importance and thera- 
peutic value. The anilides of organic acids alone have 
hitherto attracted much attention. The chemical constitu- 
tion and physiological action of this series of compounds 
have however been studied in detail by Gibbs and Hare 
{Am. C/teni. Jour., 11, 135, 1890) and by Gibbs and 
Iteicher {Ibid, 13, 180, 1891). 

Dittie prepared the salt of aniline with boric acid as 
far back as 1888 ; the aniline borate being a salt of weak 
base with a weak acid was found to be unstable and easily 
decomposed by water. Schitf describes a compound {A. 
Suppl., 5, 209) as “ anilide of boric acid ” prepared from 
ethyl borate and aniline, this “ anilide ” being easily 
and readily decomposed l)y water. It appears that Schiff’s 
compound, as prepared from ethyl borate, was not an 
anilide but identical with Uittie’s compo^und. The writer 
has studied (Chaudhuri, Trans., 117^ 1081, 1920) the 
condensation of aniline with l)oric acid. 

It was believed that if boric acid which is a well- 
known antiseptic and diuretic and has got both internal 
and external medicinal use, could be combined with aniline 
in the form of boranilide, the/ boranilide^- so expected, 
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may have important physiological and hence medico- 
industrial significance. It is with this object in view 
that the study of condensation of aniline with boric acid 
was at lirst undertaken by the writer and further study 
in the direction has since been made. From perfectly 
stable boranilide which has been so obtained, a series of 
derivatives has been prepared. 

Theories on the Mechanism of Condensation. 

In the present work molecular quantities of boric acid 
and aniline are thoroughly pestled together and then 
heated at 135" — llO" C ; small quantity of zinc chloride 
is used as a condensing agent. Aniline does not, however, 
condense with orthoboric acid. This is due to the fact 
that at 100" C orthoboric acid is converted into metaboric 
acid ; 

]t(OU),— >I10B0 

- J {,0 

« 

with the elimination, as indicated, of one molecule 
of water ; so that condensation at the above temperature 
(135° — llO^C) actually takes place between aniline and 
meta-boric acid. 

I'he mechanism of the condensation of aromatic 
amines with other compounds, due to the function of 
zinc chloride, has been the subject of much study. 
Ileddelien has studied the action of zinc chloride as a 
condensing agent {Ann., i)8S, 1G5, 1912). During the 
condensation of Vromatic amines with aromatic ketones 
to form anils, thd zinc chloride, aipcording to him, forms 
an additive double compound with tlie amine as (H,NPh),. 
ZnCl.,, accompanied by evolution of heat and steam. This 
double con.pound has been isolated in some cases. Accord- 
ing to lleddelien, condensation is due,* not to the direct 
action of ZnC'i. itself, but to the catalytic influence of the 
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intermediate double compound. It seems at the same 
time unlikely, however, that the double compound can be 
the cause of the elimination of Mater during condensa.- 
tion. According to the vieM's of Dimroth and Zooppritz, on 
the other hand, the formation of benzophenone anils 
occurs in two stages : — 

H,NP7t + OCPA,-~>PANH (Oil) CP/;, 

which has been isolated as its hydro-chloride ; the free 
compound, being unstable, loses M’^ater giving rise to the 
anil : — 

P/iNH (OH) t!P;/,— >P/tN = CP//, 

-H,0 

Coupling the Dimroth-Zoeppritz vieu’’ with that of 
Reddelien, the formation of anil appears to be the result 
of four successive reactions, M'hen ZnCl^ is used as 
a condensing agent. Reddelicn’s additive compound, 
produced at the outset, combines with ketone to form a 
more complex additive compound at the second stage 
which, at the third, reacts with the amine giving rise to 
the enolic form, ’and this, with elimination of water, 
finally results in the anil, as indicated beloM’’ : — 

(1) Z/tC7, + lljNP/i. — ^(H.,Nl’7t), • 

(Reddelieu’s Compound) 

(2) OCP//.,+(II,NP/0» • 

OCP7t, 

— > Z«C7, 

(H.NPX), 

(3) OCPTi, 

Z«.Cl,|H,NP7i • » 

(H,NP/0, 

— >P/tNH(()H)CP7i, + (lt,NP7i),-ZnC7, 
(Diuirotli-Zoeppi'itz Compound.) 

(4) P4NHCCfH)CPA,— >P/<NpCP7», 

-H,0 • 
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Applying the joint B/eddelien Dimroth-Zoeppritz views 
to the present case of condensation of metaboric acid 
with aniline and assuming metaboric acid (HOBO) to 
possess the group (-BO) which is found to persist through- 
out the series of boric-amine condensation, the distinct 
stages leading finally to the product, metaboranilide, may 
be represented as follows ; — 

(1) >(H,NP//), • ZnC/, 

(2) z«c/,+()norT 

OBOII 

— > z«c?, 

(8) OBOII 

Z)'iC7, + II,XP/! 

(H,NPA), 

— >nO B(OI]) HNP7i + (H,NP/i), • ZttCI, 

( t) HO B (OH) HNP/t — >1I()B=NP7/+IJ,0 


It appears, however, that the present boric-amine 
condensation may be more simply explained by making 
the natural jissumptioh of the formation of an inter- 
mediate additive salt of aniline with metaboric acid, zinc 
chloride acting simply as a dehydrating agent, helping the 
abstraction of one molecule of water. As in the case of 
the formation of acetanilide from aniline acetate, in this 
case probably unstable aniline metaborate is formed which, 
at the temperature of the reaction in the presence of 
ZnCl,, loses water j^roducin^ metabcpanilide ' ; — 

(1) p;< MI, + HBO,— >P7/ NH, • HBO, 

(2) P/< NH, JinO,— >P/, NHBO + H.O 


‘ [Tho prefix, meta in metabolic acid will not be uded in the nomenclature of 
of the aniline of thie^cid^in order to avoid confusion in the case of the designation 
of ortho, Mcta and para derivativea of the aniline ] 
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Without the addition of ZnCl,, the* condensation proceeds 
very unsatisfactorily ; in cases where, at the outset, 
the condensation takes place without ZnCl^ at a tempera- 
ture at which the co-existence of the rc-acting masses 
is possible, the condensation is never complete in one 
direction, as a state of equilibrium results : 

P// Nil, ■ Il«0,;^P/t NHnu+H,() 

But on adding fused ZnCl, which has a tendency to 
remove the molecule of water, the elimination of water 
is at once facilitated which, as soon as liberated, goes out 
of the sphere of action at the temperature of the 
condensation (135° C — 110° C) ; and the system of equili- 
brium being now disturbed or tilted in one way, the reaction 
is favoured towards the forward direction. Without, 
therefore, any assumption of the mysterious intervention 
of the catalytic function of complicated intermediate 
compound according to the lleddelien-Dimroth-Zoep- 
pritz views of the mechanism of ketone-amino conden- 
sation, the power of a small quantity of ZnCh, to convert 
comparatively large quantities of reacting substances 
into a condensed product may thus be explained. 

General ]?t'ocedure followed. 

In the case of boranilide and its derivatives, the 
presence of boric acid residue has been qualitatively iden- 
tified in each case. In some cases continued boiling with 
moderately strong sulphuric acid gave free boric acid, 
while in other cases free boric acid could only be obtained 
by heating the compound under exiJmination with sul- 
phuric acid and solid potassium dichromate ; and when 
this was followed by an addition of ethyl alcohol, the 
alcohol burnt with the characteristic green flame. As 
the condensation-products are |very stable, it appears they 
are produced by the direct linking of nftrogen and boron, 
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and not by the inter-linking of oxygen in which case the 
compounds would have been more easily hydrolysed, 
and that the linking between nitrogen and boron is of a 
firmer character. 

The well-known glycerol method for quantitative 
estimation of boric acid produced by decomposition in 
the present case, did not give satisfactory results. The 
estimation of carbon, although done with precaution, was 
vitiated by the absorption of some volatile boric acid 
in the potash bulbs. But the determination of molecular 
weight of the first condensation-product, boranilide, from 
analysis of its double platinic chloride as well as the 
estimation of nitrogen by Dumas’ method conclusively 
show that the condensation takes place between equi- 
inolecular quantities of boric acid and aniline as stated 
before. The percentage of nitrogen supports the mol.-wt. 
arrived at from the analysis of the platinic salt. 

Boranilide satisfactorily answers Tafel’s colour reaction 
25, 412) and Liobermann’s Avoll-known nitroso- 
reaction. 


Taiilomeric Forms of Anilides. 

The anilidic constitution of boranilide receives con- 
firmation from the preparation of nitroso and other 
derivatives from it, exactly in expected directions. It 
appears, therefore, that the free anilide as well as the 
anilide in acid solution has the imino-constitution 

C„ H,, Nil BO 

When, however, the anilide dissolves in caustic potash 
solution its enolic constitution is probably favoured 

C„ 11, NH BO — H„ N=BOH 

owing to the wandering of the iminic hydrogen atom to 
the oxygen ; and* it is dAe to this tautomerism that the 
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hydroxylic hydro^n is now repljtced by potassium, this 
having a pinkish colour. The tautomeric deportment 
of the hydrogen-atom contiguous to horomjl gi-oup (-BO) 
in the present case, appears to be analogous to the 
behaviour of an atom of hydrogen contiguous to heavier 
atoms in carbonyl and nitrosyl groups ; cases of the 
former are well-known, while instances of the latter 
are observed in such compounds as benzenediazotic acid 
and its potassium salt, the anilide of benzenediazotic 
acid which is transformed into its isomeric aminoazo- 
benzene and also in some well-known cases of Ilantzsch’s 
pseudo-acids. 


Bxi’krijikntal. 

BoranilUlo. 

C,, 

Thoroughly m^ixed 5 grams of boric acid with 7‘r» 
grams of aniline ; and tlie mixture was heated in a hard 
glass test-tube at 135’ — 110’ C on oil bath. Small quan- 
tity of (1 gram) fused zinc chloride was then added and the 
mixture stirred, fhe pasty contents soon formed a hard 
mass which was extracted with water, adding small quan- 
tities of water at a time. It was then filtered, washed 
with very dilute hydrochloric acid to remove any free 
base and then repeatedly washed with Avarm water. It 
dissolves in hot alcohol from which it crystallises as white 
needles belonging to Ihe cubic systenj. Field 6*5 grams. 
Does not melt at 2i2 ’ C. Mol. wt. 119-7 from analysis 
of double platinic chloride, taking l*t — 195-0 ; M. W. 
calculated for CeHeN BO =11 9-0. Found N = 11-32^ ; 
Theoretical N=ld.-76^ . 

It dissolves in acids and in caustic potash solution. 
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Bemzoyl-bomni tide. 

C„ II, N-BO 
I 

OC C, H, 

This compound has been obtained under two different 
conditions : — 

(i) Boranilide is dissolved in glacial acetic acid 
and benzoyl chloride is then added, and the 
mixture shaken. A granular precipitate which, 
when Wiushed and dry, is a fine white powder. 
M. P. 166"C. Pound C = G9T)9^ , H = P87Z ; 
Theoretical C = 69-95X , H=4-18^ . 

{ii) To G grams of boranilide added 7 grams of benzoyl 
chloride in which the anilide dissolves gradually, 
but on adding a solution of caustic potash to 
the mixture and shaking, a granular stuff is 
immediately produced. This, when washed and 
dry, forms a u hite powder. M. P. 166'’ — 167'’ C. 

Thiohoranilide. 

CJl.NlfBS 

This compound has also been prepared in two ways : — 
(i) Intimately mixed boranilide with excess of 
resublimed flower of sulphur and heated to 
melt sulphur when the anilide also dissolved 
in it. The mixture was heated for 10 mts. A 
very hard solid substance was produced which 
was powdered and repeatedly washed with warm 
carbon bisulphide. Yellowish grey powder 
was obtained, smelling fifintly somewhat like 
mercaptans. It is insoluble in water, alcohol 
and ether, but soluble in acids. M.P. 109'’— 
110'’ C. Found N = 9 9i;^ , N. Calc, for C, H, 

NBS = 10-37X. 
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(ii) Boranilide mixed with phos^)lioriis pentasulphidc is 
heated iji a test-tube. Repeatedly boiled the 
substance with water for washing and then 
washed with CSj when hard yellowish ^I’ey mass 
remained which is powdered and again washed. 
It also smells like the j)reeeding compound 
tis obtained under (i) M.P. IKf C. sharp. 

Nitroso-boraii Hide. 


I 

NO 

Dissolved boranilide in excess of hydi’ochloric acid and 
then added to it a solution of sodium nitrite. A ivnldish 
yellow oil is produced which solidities, on shaking and 
allowing it to stand, to a brownish pink solid. On adding 
alcohol, the oil is more readily converted into crystallijie 
plates. It dissolves in ether, and the ethereal solution 
answers Liebermann’s reaction. M.P. 83 C. Pound N = 
18'22X > CJIsN^BOa requires N = 18 9lX 

Ili/drochloride of Bomnilide. 

It is obtained by dissolving boranilide in excess of 
moderately strong hydrochloinc acid and evaporating the 
solution on water-bath. Greenish thin plates ; decom- 
poses at 108'^' C°. Cl estimated as silver salt =22' 10^ , 
Theoretical 01=22.82^ . 

Doxible Plaiinic Chloride of Boranilide. 

This has been prepared by first djssolving boranilide 
in moderately strong Uiydrochloric acid and then adding 
platinic chloride solution, when tiny shining yellow crystals 
came out. The dry crystals, being bottled up, gradually 
became greenish and perfectly green in about eight 
months. Pound Pt = 30'28% , Theoretical Pt*»30'02^ , 

2 
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lira^w-horanilides. 

C,n*Br NHBO 

These have been prepared by the action of bromine on 
boranilide solution in difTerent solvents and conditions 
as described later. Three compounds, having different 
melting points, have been obtained. I'Vom experience of 
the melting points of ortho-, ineta- and para-compounds, 
the compound having the highest M.P. amongst the 
three, has been taken to be the para-bromo-derivative, 
that having the lowest M.lk to be ortlio-bromo-derivative 
while that having ^F.P. intermediate l)etwcen the two, 
to be the meta-compound, while the estimation of bromine 
shows that they are isomeric. That these three compounds 
are ortho-, meta- and para-derivatives of boranilide follow 
from the well-known (impirical rule of Crum llrown and 
Gibson (/i. 2^, iJtO ; B. 2r>, R. 672). 

p — B)'(mo-h<mtHilUlt\ 

A ndiite powder with a pinkish tinge is produced by 
the action of bromine in an acetic acid solution of borani- 
lide and is tiltered. On shaking with chloroform, a 
perfectly white powder remained which is found to be an 
acetate, soluble in water. The aqueous solution being 
warmed with potassium carbonate solution gave the free 
compound. M.P. I2r’-122^ C. Found Br = 39-86X. 
Theoretical lJr=4()'44^ . 

0 — Bromo-bomnilide. 

This was recovered, by. evaporating the chloroform 
solution obtained from the preceding experiment, as a 
light pink-colour powder. This is dissolved in water and 
the solution warmed with potassium carbonate when a 
very faintly yellow substance separated. M.P. 82°C. 
Pound Br=4t0’14^ . 
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m — lirom o-boran'l I ide. 

This is px’epared by first dissolving boranilidc in strong 
sulphuric acid and by the direct action of bromine in the 
presence of sulphuric acid. Sandy minute crystals, 
looking almost black are produced. This is dissolved in 
water and boiled with potassium carbonate when m- 
bromo-boranilide separated as a violet pon der. M. P. 90 ’ 
C. Found Br=4i0'01^ . 

Courersiou of 3Iela into Ortho mid 
Pa I 'a-hroino horauitid r/i. 

Without separating the sandy, almost Ixlack, crystals 
from contact with sulphuric acid and on boiling this meta- 
bromo-derivative for a short time with water, a sudden 
change takes place when the black subslance is converted 
into a, slightly pink powder. T’his pink powder is gently 
warmed with chloroform wlum a perfectly white sub- 
stance remains which dissolves in Avater. The aqueous 
solution, boiled Avith ])ota.ssium carl)t)nate solution, yields 
a compound (M.P. l2fF— 1*22’C) Avhich is evidently the 
para-bromo-boraniiide, Avhile the chloroform solution, on 
evaporation, gives a substance from Avhich, Avhen boiled 
Avith potassium carbonate, a pinkisii poAAuler (M.P. Sd'- 

S4'C) is produced which is also evidently tlie ortho- 
bromo-derivative. 

Benzoyl p-hronio-boranilide. 

(VII J5r \-IiO 

i 

p-Bromo-boranilide is dissolved in glacial acetic acid to 
which freshly preixared benzoyl chloride is gradually 
added when the .solution becomes turbid. On shaking 
and allowing to stand, white needle -slvvped crystals avp 
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deposited. The cryiStals, when examined under the 
microscope, are found to belong to the cubic system. 
M.P. 128’-130'^C. Found Br=25-82X, Theoretical 
requires Br = 2()'51^ . 

The preparation of the benzoyl derivative of ortho- 
and meta-eompound has not been tried. 

BormiiUdo-d'mzohenzeuc. 

11, N— no 

' I 

N = X OJI, 

To 5 grams of nitroso-boranilide 3 grams of aniline is 
added, and then alcohol-ether containing strong hydro- 
chloric acid is added to the mixture. On boiling the 
mixture, no action apparently takes place ; but on adding 
water and boiling, the sobition becomes red with the 
separation of a heavy oil which, on cooling and being 
shaken, soon solidifies to crystalline red plates. M.P. 
109°C. [t does not answer Liebermann’s reaction which 
shows that ( — NO) group is absent and also tliat the 
compound is produced by the condensation of a molecule 
of the nitroso-compound with a molecule of aniline 
owing to the interaction between nitrosylic oxygen and 
hydrogen of the amino group ; 

('„ll,N--BO 0„H,N— BO 

I ■ I 

XO + ir,^ (!;h, — > N=NC„1I, 

Above 130'^ C, the compound suddenly decomposes 
with a feeble explosive noise. During combustion by 
Dumas’ method the burners below (he mixture of sub- 
stance and copper-oxide as well as a little in front of and 
behind it, are kept very low. Inspite of this precaution, 
lower result for nitrogen has been obtained owing to 
rather sudden evplution and consequently incomplete 
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reduction, of the oxides of nitrogen*. Found N='M^13;^ 
Calc. N = 19-29^. 

lioranilido-hydrazohenzene. 

C.H.X-RO 

1 

iJN-NH C'JI, 

On adding stannous chloride and hydrochloric acid or 
zinc and hydrochloric acid to the red alcoholic solution 
of boranilido-azobenzene, the red solution soon Incomes 
colourless owing to the reduction of the azo-coinpoiind 
into the corresponding hydrazo-conipound as follows : — 

r'jl,N-TK) C,dl,X-lU) 

X = XC\1I,, HN-NHOJI, 

The mixture is made alkaline. 'Ihe white hydrazo- 
compound which is soluble in ether is separated by this 
solvent. It gives a yellow nitroso-derivative which 
satisfies Liebermann’s reaction. It dissolves in hydro- 
chloric acid. M.P.. I2.r-I21.” C. 

Boninilido-diuminobenzene. 

i 

HX-C,11,NH, 

When a solution of 1< grams of boranilido-hydrazoben- 
zene is boiled in strong hydrochloric acid, a well-known 
isomeric change called Semidine conversion takes place 
during which boranilido-hydrazo-compound is transformed 
into the above aminoa>*o-benzen’e as follows : — 

C„H,N-UO 

I — ^ 1 

Nll-XHCJl., HXC„H,NII. 

On boiling tlie 'hydrochloride with amraojiia, the free 
base separates. It is a greyish yellow compound soluble 
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in alcohol ; yield B'd grams. M.P. 163” — 166” 0. Found 
N = 17-97^ . Theoretical requires N = 18-66X • 


Boranilido-mnino-azo~phenol. 

C„1UN-B() 

I 

UN C„H,N = N-C„H»OH 

4 grams of boronyl amino-azohen zene hydrochloride 
is dissolved in water, cooled witli ice, and then diazotised 
and coupled with alkaline, nearly 2 grams, of phenol. 
A brown stulT is produced as follows : — 


C.H,N-n(» 




HN-C.11|N=:.N’.CH-C„11,()J1 — >JINC„J],N = N(’„H^01l 


It is slightly soluble in cold water, more soluble in 
alcohol, but dissolves roadilv in acids and caustic alkalis 
which points to the presence of the basic and phenolic 
groups. M.P. 152”-153" C. The substance melts to a 
deep violet liquid. Yield 5 4 grams nearly. 

The hydrochloride of the compound crystallises in 
dark brown needles. 


Dihevzoyl hornnilido-mmno-azophenol. 
0,H,N-B() 

I 

NC„ll,i\ = NtVH«0 

I ' I 

()CC„If, OCC„H, 

The w'ell-know'n Schotten-Bauanann reaction is now' 

I 

applied for the benzoylation of the* preceding compound. 
5 grams of boranilido-amino-azophenol is dissolved in a 
small quantity of hot alcohol ; nearly 4-5 grams of 
benzoyl chloride is added and the mixture shaken. On 
now adding caustic potash solution to the mixture, and 
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Oil warming and shaking, slightly brownish stuff in lump 
separates. It is insoluble in water, slightly soluble in 
alcohol, but readily dissolves in ether from which it 
crystallises in the form of conjugated needles. Yield 
8-2 grams. M.P. C. 

It may be noted here that the possibilities of success- 
fully preparing boranilidc on a large scale seem fair. 
Besides its value as a new chemical, for the expected 
therapeutic properties of this compound or some deriva- 
tive of it which might be anticipated from an analogy 
with the physiological effects of other anilides, it may 
he hoped to be of some service to the medico-chemical 
world as well. It has, however, been found that a satis- 
factory economic method for the manufacture of boranilide 
would consist in the application of a special process of 
auto-condensation. 
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(/) Tulroduclion. 

Wli( 3 n a beam of liirht bills on a, tr.inspnrcnt body, besides 
the usual phenomena of rolhadion, n fraction and intc^rnal 
scattering, a small but. appreciable fraction of the light is 
also scattered by the hounding surfaces in all directions. 
That this phenoiiKnion has hc'on found to he a oharacteristic 
property of every solid and liquid surface in our laboratory 
was announced by Dr. Raman in a preliminary communication 
to “Nature,’* August *2;“), 1923. Since then detailed experi- 
mental work concerning the nature of the intensity and 
polarisation of the scattered light in different directions has 
been done on the subject with crystalline and amorphous 
solids, solid metals, liquid mercury, and a large number of 
liquids. In a paper ^ r(*pently communicated to the Royal 
Society Schuster points out that “the light which enters the 
optically rarer medium at or beyond the eritical angle is an 
effect of diffraction originating near th(5 boundary of the 


“Naturo," November 22, 1924, o. 772 (boo ‘note’ at the end of the paper). 
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refracting surface.” This is easily seen to be a special case 
of the phenomenon which forms the subject of this paper. 
This field of work is extremely interesting as it thiows light 
on the nature and disposition of the molecules at the surface 
of a body. 

In the present paper a detailed description of the 
experimental results obtained in the case of solid substances 
is given, the work on liquids forming the subject for a separate 

paper. 


(2) Scattering hy Transparent Crystats. 

In the ordinary treatment of optical problems on the 
electromagnetic theory, the retlection of light at a surface is 
explained as arising from the difference of the properties of 
the media on the two sides of the boundary^. Erom a 
molecular point of view, on the other hand, reflection may he 
regarded as due to the secondary radiation from the electric 
doublets induced by the infalliiig Avaves in the molecules near 
the boundary forming a regular wave-train which travels 
back towards the source. The simplest case to consider is 
that of a transparent crystal bounded hy a piano face where 
the doublets occupy fixed positions in a space lattice and are 
disposed in a periodic mamuu* on the surface. It is then 
easily seen that the effect of tlu; secondary radiations in the 
first medium disappears by interference in all directions except 
that of the regular reflection from the surface. Theory thus 
indicates that when lightwaves fall on the cleavage face of a 
transparent crystal, we should have only regular reflection 
and no scattering at the boundary. 

A convenient sulistance for the sfudy of the phenomenon 
is mica which cleaves easily and gives an ideal surface free 
from ups and downs larger than a few light waves. Freshly 
cleaved mica, when placed at I he focus of a short-focus lens of 
large light-gathering power, fails to show' any blue opalescence 
at the surface excbpt some diffraction effects duo to dust or 
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striae. It is very difficult to keep ‘the surface of the mica 
fresh for any length of time as the dust in the air is caught 
with wonderful rapidity. The actual difficulty in observing 
the surface opalescence, if any, is due to the strongly lit-up 
dusty tracks of the incident, rellected and refracted beams, 
which appear like a cross, the centre of the cross being th,e 
spot on which the light falls on the mica surface. To avoid 
this trouble two jets of dust-free carbon-di-oxide or air were 
directed against the spot from either side so as to get clean, 
dust-free tracks which would not prevent the surface effects 
from being observed. Even this was insufficient as the back- 
ground was not very satisfactory. The defect of the back- 
ground was got over by using a fairly large wooden cross tube 
provided with suitable apertures and a thoroughly blackened 
green bottle for the background. Any chinks left were 
covered up very carefully with black velvet cloth. With this 
arrangement, when a slow current of dust-free oxygen was 
maintained through the cross-tube to keep out dust, the 
polarisation of the oxygen track could be measured with great 
ease. A freshly cleaved piece of mica was introduced into the 
centre of the cross-tube through a narrow slot above and light 
focussed on it. 'I’he reflected light was carefully adjusted so 
as not to interfere with the background in any way. Even 
under such excellent conditions no sign of any scattering by 
the surface could he detected. When a piece of coloured mica 
was tried, however, a feeble blue spot could be seen. It was 
at first presumed to be the scattering by the surface ; but on 
introducing pieces of increasing thickness the spot was 
observed to increase in intensity showing thereby that the 
apparent surface elfect.is really due to^he molecules of the 
colouring matter inside the mica. An examination of the blue 
spot with a microscope does not reveal any structure. This 
experiment confirms the expectation from theory that the 
irregularities of the surface due to thermal agitation are 
negligible so far as our present phenomenou is concerned. 
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Pieces of clear quartz cracked under controlled static 
compression were next examined with light focussed by a 
microscope objective which gave a very intense focus. The 
surface of the conchoidal fracture was so irregular and the 
most carefully made crack so full of line quartz dust that the 
observations failed to reach any definite conclusion. Some- 
times by chance, clear portions against a tolerable background 
could be secured which showed no scattering. It may 
as well be remarked now that it is impossible to make a given 
surface sufficiently clean for the observation of surface 
scattering by any chemical or physical methods. Washing 
with acids, alkalis and distilled water, etc., however carefully 
done, leave some kind of dirt or other whicdi show very intense 
spots when placed at the focus of the beam of light. l5>tarting 
with a freshly cleaved surface, the induence of these methods 
of cleaning can be studied. The intensity after chemical 
cleansing is thousand times greater than what it was before. 

Besides quartz, crystals of calcspar, rock-salt, etc., were 
tried ; but the cleaned surfaces are inde(Hl too poor in quality. 
On the whole, the above experiments indicate that the surface 
opalescence in the case of crystals is extremely small. 

In the case of a clear block of ice, when light is focussed 
on the surface, a very intense spot is shown up by the melting 
surface. If the water formed is blown away by a jet of 
oxygen or carhon-di-oxide, a feeble blue surface opalescence is 
visible. By sufficiently increasing the force of the jet of gas, 
a stage is reached when the intensity of the scattering does not 
diminish any further. Under the conditions of the experiment 
it is difficult to say whether the phenomenon is to be ascribed 
to the surface of ice or to Ihe incipient film of water which 
the stream of gas may not he able to remove. 

(3) Scattering by Amorphous Solids. 

Under this heading come the various kinds of glass. We 
had a very fine collection of the various grades of optical glass 
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manufactured by Messrs. Schott and ©enosscn of Jena. Some 
of these were used in the following experiment. 

The specimen to be examined was eracked as before 
under a screw-press and Ihe fresh surfaces secured examined 
immediately afterwards. In every case a rather strong and 
bluish-M'hite opalescence was observed at the surface. When 
examined by a micros(;ope the focal spot u as found to be 
resolved into very uniformly distributed fine specks just as a 
fairly thick oil film on water (several molecules thick), when 
examined in the same way, exhibits microscopic droplets. 
It is remarkable that the appearance in these two widely 
different cases is strikingly similar. A description of the 
distribution of intensity of the scattered light and the nature 
of its polarisation in ditferent directions is given below. 

Let us first take the simple case of unpolarised light 
normally incident on the surface of glass. The intensity is 
a maximum in the direction of the normally reflected and 
the transmitted beams. The intensity rapidly diminishes as 
the direction of observation is shifted towards the plane of 
the surface. The spot shows appreciable polarisation in this 
position when examined with a double-image prism. The 
stronger component has its electric vector parallel to 
the surface. 



When the angle of incidence is 45° and the plane of 
observation is the plane of incidence (see*Pig. i), in directions 
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near MP, tlie vertical Component, i.e., the one perpendicular 
to the surface, is slie^htly stronger. In directions lying between 
OP and PQ, the component parallel to the surface, i.e., 
horizontal, is slightly stronger. In a direction near PQ, the 
reflected ray, the spot is unpolarised. Petween PQ and PM 
the horizontal component increases enormously in brightness 
until, parallel to M'P, it is comphdely polarised, the weaker 
component perpendicular to the surface being exceedingly 
feeble. On the glass side, in directions lying between PM 
and PQ' the horizontal component parallel to the surface is 
slightly stronger and in directions between PH and PM' the 
vertical component is only slightly stronger eveji when the 
direction is almost parallel to PM . lit the direction PR 
the spot is unpolarised. 

As regards the distribution of intensity, the intensity is 
maximum along PQ and PR. On the air side it is a 
minimum along PM and, excluding directions near PQ, 
more intense along PM'. On the glass side tlie intensity in 
every direction is much more tlian that on the air side and 
the intensity is more between Fit and FM' than between 
PN' and PM. 

When the plane of observation is coutined to the plane 
at right angles to the plane of incidence, the intensity of 
scattering is, as before, maximum in the direction of the 
reflected and transmitted light. The total amount of light 
scattered in this plane at (wen small angles with the normal 
PN is indeed exceedingly small. In Eig (ii) MM' is the 
surface of glass held vertically and NN the normal to it. 
The circle has the opalescent spot 0 as its centre. MNM' is 
on the air side and M*N'M' on. the glass side. In the direc- 
tion OM the light is partially polavi.sed with its stronger 
component parallel to the surface of the glass and at right 
angles to the plane of the paper. This polarisation is a 
maximum for normal incidence and gets less and less as the 
angle of incidence ipereases, while the reverse is true in the 
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direction PM' in the plane of incidence (see Pig. i). On the 
glass side also the spot shows polarisation with vibrations 
parallel to the surface find perpendicular to the plane of the 
paper in directions near OM. Along ON and ON' it is 
unpolarised. The above observations bring out the main 
points of interest with regard to the scattering of light by 
a surface of glass. 

In this connection one observation is noteworthy. In 
the act of cracking the glass block, some fine glass dust 
usually clings to some parts of the fresh surfaces and render 
observations on the air side extremely difficult. All the 
observations have to be made at some places free from such 
dust. On the glass side, how<!ver. the presence of the dust 
particles does not at alt interfere with the observations. 
One can always get a^ clean and fairly intense white spot. 
This is evid(‘ntly due to the fact that the particles in question 
are not in optical contact with tin; frcish surface of glass 
(a tilm of air separates them) and so the light scattered by 
them into the glass is refracted into a, small cone with its 
axis along the normal- to the surface and its lialf-angle equal 
to the critical angle for glass. On the other hand the dirt 
on an old surface or even a greas(! spot on a fresh surface 
behaves quite differently, giving as it does a much more 
intense spot on both sides, the intensity being s('veral hundred 
times that in the case of the genuine surface effect. 

(4) Scattering hg Metals. 

The case of metals is essentially different from that of 
non-conductors like glass. The nature of the polarisation 
effects in the case of the solid metals and tlie ideal liquid 
mercury surface were found to be very similar. The surfaces 
were polished with great care and were apparently quite good. 
Microscopic examination, however, revealed irregularities 
which are very difficult to get rid of. This is evidently duo 
to the extreme softness of the metals. Thg metals used were 
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gold, silver, copper, iron', nickel, zinc, aluminium and brass. 
With all of them similar results were obtained. The followins 
is a brief description of tin; experimental results. 

The characteristic property of the metallic surface is to 
scatter normally incident, unpolarised light in directions 
parallel to the surface Avith the electric vector of the stronger 
component perpendicular to the surface. The vibration in 
the incident beam which is mainly n'sponsible for this lies 
in the direction of observation. 

I. Aluminium (clank ok tiik replkctino 

SUIIPACK vertical). 

(rt) Nornud Incidence of nnpolurised light. 

Observed parallel to the surface with a double image 
prism, the component ivith vibrations perpendicular to the 
surface is very very intense. On moving towards the normal 
to the surface, the weaker component continues to be weak. 

{h) Normal incidence — light polarised with ribrations vertical. 

In the horizontal plain; containing the incident beam, 
when the spot is viewed parallel to the surface with the 
double image prism, th<; two components are almost equal, 
the slightly strongm- compon(;nt having vibrations parallel to 
the surface, i.e., vertical. The vertical component increases 
in intensity as the normal to the surface is approached 

In the vertical plane at right angles to the surface, 
viewed parallel to the surface, the component with vibration 
perpendicular to the surface is distinctly brighter and remains 
brighter as the normal to the surface is approached. 

• • c 

(c) Oblique incidence — light polarised icith vibrations verticu . 

Observing from every possible direction in the plane of 
incidence the stronger component has always its vibrations 
vertical. In the plane at right angles to the plane of 
incidence, the stronger component has vibrations perpendicular 
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to the surface when observed jiarallel to tlio surface and 
on moving toAvards the normal the same component remains 
stronger, its vibrations while observing normal to Uh! surface 
being vertical. In all directions in this plane the scattered 
light is very strongly or almost eom])letely polarised. 

When the incident light is polarised with tlio eh'ctric 
vector horizontal, for all directions of observation in the plane 
of incidence the stronger component lias always its vibrations 
horizontal. In the other plane the horizontal vibration is 
only slightly stronger when observing paralhd to tin; surfacM' 
and in all directions the contrast between the two components 
is not very marked. 

Lastly, when the incident light is unpolarhed and the 
angle of incidence is nearly 8.5 , the maximum polarisation 
in the plane of incidence is away from the reflected light Avith 
the strong component horizontal and the minimum polarisation 
is near the reflected light. In the other plane at right angles 
0 the plane of incidence, the stronger eomponent has 
vibrations normal to the surface when observing parallel 
to the surface, the contrast hetween the tAVo com])onents 
decreasing as the normal to the surface is reached. 

II. Copper (pla if. iielu VERTicAJiCA ). 

(a) Normal Incidence of nnjwlarised lif/iil. 

Observing parallel to the surface, the stronger eomponeul 
has vibrations normal to the surface and is coloured red, tin; 

ratio decreasing as tlie normal to tJie surface 

white component. 

is approached. , . , 

(6) Eor oblique inoidence of unpolarised light in every 
direction either in or at right angles to the plane of incidence 
the coloured component, AAuth vibrations normal to the surface 
when observing parallel to it, is strengor, more so away from 
the direction of the reflected beam than toAvards it. 
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(c) Light polarised loiih mbmtions vertical. 

For all angles of incidence the coloured component, Avitli 
vibrations normal to the surface while observing parallel to 
it, is decidedly weaker when the observations are confined to 
the plane of incidence. In the plane at riglit angles to 
the plane of incidence the stronger component, when tlie 
observation is along the surface, has vibrations normal to 
the surface but is the whiter of the two. The weaker 
component has a very rich red colour. The ratio of 

strong com])onent . i . 

weak comiwieMt ^creases as one approaches the direction ol 

reflection. 

When the incident light is polarised with its vibrations 
horizontal, viewing in the plane of incidence, the stronger 
component has in all directions its vibrations horizontal and 
remains stronger for all angles of incidence. In the plane 

at right angles to the plane of incidence the ratio of the 

component which is coloured and with vibrations normal 
lo the surface on observing parallel to it to the other 

component approaches unity as the angle of incidence is 
slowly increased. 

III. Iron, ::inc and brass also behave like aluminium and 
copper. In the case of brass, the coloured and stronger 
component has vibrations normal to the surface and is yellow, 
the fainter component being bluish. 

A concave galvanometer mirror manufactured by Adam 
llilger with a gold on quartz surface was tried and found 
to give results very similar to those given by the other 

substances. The polish was very much better and the 
intensity of tlie scattered ligiit was ofi that account very small. 
On observing the opalescent spot with a microscope, although 
many specks and spots and other irregularities were very 
prominent, careful observation revealed a general back- 
ground illumination which could scarcely be mistaken for 
any other ellect ottier than genuine surface scattering. 
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Actual measurements of the natut’e of the polarisation of 
ihe scattered light were taken with the help of a double-imagt' 
prism and a nicol rotating on a graduated circle in the 
usual way. We give below the results for two typical cases 
like iron and copper. It must be pointed out th;it these 
measurements are not to be taken as final as they have to lie 
verified for metallic surfaces witli perfect polish. The iiresent 
measurements, however, show the general nature of the 
phenomenon. 


I. Iron. 

</)— angle of observation with reference to the reflecting 
surface; for grazing incidence </>=0 lies on the side away 
from the reflected light. 

0 — half the difference hehveen fhe reading of the nicol 
for the two positions of equality. 

fan- 0— ratio of the weak to the strong coinpoinmt. 


(a) Incidence of FaJansed IJfjlil. 

Tarle I. 


i 
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tan- 0 for 

C/I ! 

vortical 

vibrations. 
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(h) (Jrazing Lwidence of Polarised TAght. 


Tari^b' it. 

(p in [ilane of 

tan" 0 for vertical 

B for horizontal 
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II. Copper (observations taken avith red filter). 
(a) Normal Incidence of Polarised Light. 

Table IV. 



tan" 6 Tor vertical 

tan* 0 for iiorizonial 


vibrations 

vibrations. 

lu' 

•028 

•(i8l 


4[M) 

•088 

3(j'' 
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(A) Grazing Incidence of Polarised Light. 


Table V. 

(/) in plant; of 

tan'^ 6 for vertical 
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incidence. 

,1 
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reflected ray). 
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(c) Incidence of polarised light at -Pf — Observations in the 
plane at right angles to the plane of incidence. 

Table VI. 



tan" 0 for vortical 

• tali'* 9 for*horizoiital 
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(5). Sunnnnry and Conclusion. 

(1) The scattering of light by freshly cleaved surfaces of 
mica, quartz and other crystals has been found experi- 
mentally to be negligible and this is quite in agreement 
with theory. 

(2) TIio opalescent spot shown up by a freshly cracked 
surface of an amorphous substance like glass has an 
intensity much smaller than the intensity in the case of a 
chemically cleaned surface of the same substance. When 
('xamiiied with a microscope, (h(5 spot is resolved into 
uniformly distributed fine specks very similar in appearance 
to those seen on an oil film on water when examined in the 
same way. 'I’he nature of the polarisation and tins distribu- 
tion of intensity of the scattered light in dilferent directions 
has been described. 

(3) The scattering by polished metallic surfaces is 
es.sentially dilTerent from that by a non-rnetallic surface. 
The main features of the polarisation elTects are described for 
various metals and the measurements of the polarisation in 
dilTerent directions in the case of iron and copper are given. 

'I’he author intemts following up the experimental work 
in connection with metallic surfaces obtained by means of 
cathode sputtering. The surfaces of thick films of metal 
obtainable by this method would be much better than thos(> 
prepared by ordinary polishing and may lead to more reli- 
able and accurate data than those obtained hitherto. 

In cormlusion, the author wishes to express his besi 
thanks to Prof. C. V. Raman for his valuable help and 
encouragement. 


Nulf. 

While this ) .iper lias hcen in the press, Schuster’s paper referred to on 
jiage l^y has appeared (Proe. Koy. Soe. Vol. 107, January 
Schuster’s point of view is now seen to be (piite different from that of the 
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pres^ent paper. He has not. dealt witli the finularnciilal problem of surface 
scattering, an effect due to the inherent thermal lluctuations of the 
surface, but has treated the problem of diffraction of light in the ordinary 
wav arising from the finite width of the incident beam or the finite length 
of the surface illuminated. In the latter ease no special properties of the 
surface of separation are directly concerned. The effect is wholly due to 
the geometry of the incident beam and the ratio of the total energy 
dissipated into space by diffraction to the total energy of the incident light 
is inversely proportional to the square root of the length of the refraeting 
surface and therefore tends towards zero as the size of the refraeting surface 
increases.^’ According to Schuster’s calculations, the effect in his case is 
of a much higher order of magnitude than that of surface scattering as 
mav be expected. A more complete discussion is reserved for a later 
]):iper. 

/VO, Bowhazar Street^ Calculla, 




Purana group of the Himalayas. 

A study in the petrologic method of correlation. 

BY 

Hbm Ch. Das-Gupta, M.A., F.Q.S. 

Ijstkobuction. 

The name Parana group was introduced by Sir Thomas 
Holland in 1906 (8) to include a great thickness of unfos- 
siliferous beds, found both in Peninsular and extra- 
Peninsular India, lying between the Archaean gneisses 
and schists on the one hand and tlie oldest undoubted 
fossiliferous rocks on the other. These rocks are exten- 
sively developed along the central Himalayan belt from 
the neighbourhood of Attock to the east of the Mishmi 
country. Detached portions along this zone have been 
surveyed, the Purana rocks have been mapped in this 
zone, and, as no fcjssils have been detected in these, any 
attempt at correlating them must be based on a similarity 
of petrological facies and the present paper embodies the 
results arrived at by the application of this method of 
study. 

To make the points clear it is necessary to recapitulate 
the characters of the Purana rocks as developed in the 
different areas and it will be quite profitable to start 
with the description of the Purana rocks as found deve- 
loped in the Simla and the Darjeeling region because the 
rooks of these two areas present peculiarities which 
are quite distinct from one another. The pre-Tertiary 
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sedimentary rocks of the Simla region have been distin* 
guished as below (13) : — 

Krol. 

Infra- Krol. 

Blini. 

Infra-filini. 

The infra-Blini (or Blaini) beds are typical slaty 
formations ; the Blaini beds are characterised at Simla 
by two bovxldet-beda separated ivom eacb other by a bed 
of bleach slates and having, at the top, a limestone which 
is usually pale pink in colour ; the infra-Krol beds are 
typically carbonaceous slates and the Krol beds consist of 
guartzitio sandstone at the bottom overlain by a band of 
blue limestone which is separated from another bed of 
blue limestone lying at the top by a bed of red shale. In 
the Darjeeling area, two series have been found lying 
between the gneissose rocks and the Damuda beds (12), 
viz., the Baxa series and the Baling series. The Baling 
series consists chiefly of slate, phyllites and quartzites 
while the younger Baxa series is characterized by a very 
prominent bed of dolomite. 


Simla Facies. 

In any attempt at correlating beds which are devoid 
of fossils it is necessary to find out a bed marked by 
some peculiarity and take it as the datum-lime for the 
purpose and in the Punjab Himalayas this is furnished 
by the Blaini b^ds. The westernmost exposure of the 
Purana group in the Himalayas is the rock-formation 
known as the Attock slate series (23). This series is very 
well-developed in Hazara and essentially a slaty forma- 
tion with subordinate limestone and sandstone bands. 
This slaty seridb is overlain by the infra- Trias series 
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consisting of a conglomeratic band at the base. This 
band appears to be a boulder-clay, though no scratched or 
striated pebbles have been detected in them as yet, and, 
as it has been already suggested by Mr. Middlemiss (17), 
this basal conglomerate may be correlated with the 
Blaini boulder bed. It appears further that this correla- 
tion does not stop here. The topmost member of the 
Hazara infra-Trias is a bed of limestone of considerable 
thickness which resembles, to a certain extent, the Krol 
limestone in its mode of weathering, containing chert and 
having at the base a bed of sandstone, though it should be 
pointed out that the red shale of the typical Krol section 
is missing here. It thus appears that we may arrive at 
the following relationship between the Purana groups as 
they are developed in Hazara and the Purana rocks with 
the Simla facies. 


Simla Facies. 


Hazara Area. 


Krol 

Infra-Krol 

Blaini 

Infra-Blaini 


Upper limestone") 
sandstone. 

, Infra-’l'rias 
Purple shales. ' (Middle- 
Basal Conglo- miss.) 
merate. 

Attock slate. 


It may be observed that, if the correlation sketched 
above is correct, the infra-Krol has much thinned out in 
the Hazara area while the Krol beds have thickened 
slightly. 

The next important outcrop* of the * Purana group to 
be noted to the east of these beds is the formation known 
as the Kangra slate which is the representative of the 
infra-Blaini slate of Simla (13). 

The next tract to be considered is the town of Simla 
and its neighbourhood, the detailed geolc!^y of which was 
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worked out by Mr. Oldham who arrived at the following 
result by way of correlation (20) : — 

Hornblendic rocks ... ... Intrusive. 

Upper or Jutogh carbonaceous slates ) Krol shale and 
and limestones ... ... } limestone. 

Boilegaunge quartzite ... ... Krol sandstone. 

Lower or Jacko carbonaceous slates ... Infra-Krol. 

Blaini group ... ... Blaini group. 

Infra-Blaini beds ... ... Tnfra-Blaini 

group. 

Let us now consider the Purana rocks as developed in 
the Kuraaun Himalayas. We shall start with the Dehra- 
Dun or Jaunsar area. For a detailed account of this 
portion of the Himalayas we are also indebted to Mr. 
Oldham who, at first, divided the rock systems of Jaunsar 
into the Mandhali, Deoban and Chakrata series (19), the 
last name being subsequently replaced by that of Jaunsar. 
Oldham also recognised a rock system, the Bawar system, 
which was originally placed by him in the tertiaries, 
but was subsequently correlated with the Mandhalis. 
The identity of the Mandhalis with the Blainis has been 
established by Mr. Oldham beyond any shade of doubt 
and from this it is evident that the Deohan limestone 
and the underlying .Taunsar series represent the infra* 
Blaini stage of the Simla facies. No detailed geological 
map of the area round about Mussooree has been pub- 
lished as yet. According to Medlicott, the Mussooree 
rocks are of Krol age (13) while, according to Oldham, 
along the Mussooree ridge infra-Krols, quartzites, lime- 
stone (Krol) and the Blaini are, seen (18). I had an 
occasion sometime ago to spend a few days in studying 
the rocks developed at Mussooree and was struck by the 
marked resemblance existing between the rocks of this 
hill station and those of the Krol and the Bhoj hill. As 
one begins the *ascent from Rajpur, the road passes 
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through quartzites and slates of various colours, a nice 
section, due to a slip, being exposed near the road. 
Traverses in and round about Mussooree leave no 
room to doubt that we are here dealing with the 
rocks of the Krol series, the only distinction that is 
observable between the Krols of Mussooree and of 
the typical area is that the shale intermediate between 
the two beds of limestone in the latter has also a thin 
intercalated limestone band in the former. The same 
chopping-board weathering and bands of chert found in 
the Krol limestone are also noticed here. The rocks 
exposed in the neigh l)ourhood of Kajpur very likely 
represent the infra-Krol series. Accordingly the follow- 
ing table may be worked out for the Parana rocks of 
the Dehra-Dun area : — 

Krol 

Infra-Krol 

Blaini 

Inra-Blaini 

The next area to be discussed is British Garhwal 
and, as appears from the description of Mr. Middlemiss, 
the Puiana group of this tract consists of the following 
members (16) : — 

Massive limestone. 

Purple slates and volcanic breccia. 

The most remarkable thing to note here is the absence 
of the Blaini conglomerate, an important datum-line in 
unravelling the earlier history of the* sub-Himalayas. 
Mr. Middlemiss left the’ question of the correlation of the 
massive limestone practically open as, according to him, it 
might be the Krol or the Deoban limestone. The associa- 
tion of volcanic beds in the Jaunsar series and the general 
nature of the rocks of this series wohld undoubtedly 


Mussooree limestone 
llajpur series. 
Mandhali. 

Deoban. 

. Jaunsar. 
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place the Jaunsar series in the same line with the purple 
slates and volcanic breccia underlying the massive 
limestone beds: The boundary between the purple slates 
series and the limestone is not faulted, but is usually a 
normal unconformable one and, at the same time, the 
underlying band of quartzitic standstone and the inter- 
mediate bed of shale are also wanting. Accordingly! 
think that this massive limestone agrees more with the 
Deoban than with the Krol limestone and the whole of 
the representative of the Parana group in this region is 
comparable with the infra-Blaini series. 

Naini 'ral area is next to be dealt with. Medlicott 
made a very passing reference to the Naini Tal rocks 
and thought that they might represent the Krol beds of 
Simla (13). Middlemiss in his comprehensive account 
of the geology of the Naini Tal region recognised the 
following sequence of beds in the area (16) : — 

Massive limestone. 

Purple slate series. 

Trap (intrusive). 

In his report on the geological structure and stability 
of the hill-slopes around Naini Tal, Sir Thomas Holland 
gave the following detailed classification of the Naini 
Tal rocks (7) : — 

(1) Slates and Shales. 

(2) Dolomites. 

(3) Dolomitic sandstone. 

(4) Purple sandstones and Quartzites. 

(5) DioriWc traps.* • 

(6) Gypsum. 

It may be noted that the trap is intrusive in the 
dolomitic an 1 slaty series, while the gypsum is a secondary 
product formed from the alteration of dolomite. Sir 
Thomas Holland thinks that the dolomitic limestone of 
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Naini Tal may be the equivalent of the Deoban Limestone 
and, from what we have already seen, the rocks of the 
Naini Tal region may be relegated to the Infra- Blaini. 

Nepal Himalayas. 

Coming to the Nepal Himalayas we find that the rocks 
of the Parana group are developed about Khatmandu 
and they consist of (14) : — 

(1) Limestone and quartzite. 

(2) Quartzite and schist. 

According to Medlicott the upper limestone and 
quartzite belong to the Krol formation (14) but I 
think that this correlation is of doubtful value 
because of the great distance of the Nepal rocks from the 
easternmost limit of the Piiraua rocks with Simla facies 
and of the absence of the Blaini beds which have always 
been noted in the areas where the undoubted Krol rocks 
have been found to be developed. From Avhat has been 
said above, it appears very doubtful if any Krol outcrop 
will ever be found east of the Mussooree area, and as no 
case has been recorded of the occurrence of the Krol 
rocks without the Blaini beds, it is extremely doubtful if 
these Nepal rocks are representative of the Krol formation. 
It has been also seen that the infra-Blaini rocks of Dehra 
Dun and the adjoining areas to the east of it are charac- 
terised by an overlying band of limestone and an 
underlying formation of quartzite and slates. This 
observation coupled with the .opinion. of Mr. Medlicott 
that the ‘ flaggy quartsite of the lower horizons in the 
Nepal sections would very fairly represent the thin 
siliceous beds that form so large a part of the Simla slates, 
or infra-Blaini Zone ’ lead one to suggest a’ correlation of 
these Nepal rocks with the infra-Blainj series, but this 
suggestion is also hazardous. 
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Darjeeling Facies. 

After leaving the Nepal Himalayas we come to what 
have been often described as the Sikkim Himalayas. The 
best geological account of this area we owe to Mallet 
(12) wfiile in Frcshficld’s “ Round Kanchinjinga,” (3) 
there is a map with the outcrops of the principal rocks 
laid down and a short geological note from Prof. Garwood. 
As already mentioned Mallet distinguished two rock 
groups — the Baxa and the Daling series — as lying between 
the Gondwanas and the Darjeeling gneisses and though 
there was some doubt in Mallet’s mind regarding the 
relative position of the Baxa and tlie Daling series, it is 
now clearly recognised that the Baxa series is younger 
than the Daling. There seems to bo some difference of 
opinion regarding the use of the term Daling. Accord- 
ing to Burrard and Hayden, the Daling series has been 
included under the Archaean group (2), but in the map 
accompanying their work the Daling outcrops have been 
shown as quite distinct from the granites and the crystal- 
line schists on the one hand and the Parana rocks on the 
other. Dr. Maclaren thinks that the Daling series is 
referable to the Purana group (11), and, according to 
Dr. Pilgrim, ‘ the rocks called by Mallet Dalings and 
Baxas belong to this (Purana) group ’ (21). From what 
little I have seen of the Dalings and the Darjeeling 
gneisses in the Darjeeling area I am led to think that the 
Dalings are separable from the gneisses and form a part 
of the Purana group and accordingly we find that in 
Darjeeling the Piyana grqup is divisible into an upper 
member — the Baxa series, and a lower member, the 
Daling series. The Daling series is characterised chiefly 
by quartzites, slates and schists and the Baxa series 
contains towards its base a very thick bed (1600') of 
dolomite, with interbanded layers of dark-grey slate, 
while, as it has already been remarked by Mallet, ‘ the 
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almost complete absence of lime in ti^e Daling beds is one 
of the most prominent lithologieal distinctions between 
them and the Baxas.’ Prof. Garwood has mapped a 
considerable Daling patch to the N, N. E. of Darjeeling 
(3). As will be seen later on, the Parana rocks arc 
represented eastwards by these two types of rocks and 
as they are apparently quite distinct from the rocks of 
the Simla area, they may be said to represent what may 
be called the Darjeeling facies of the Uimalayan Puranas. 
In Darjeeling proper, the Baxas have a very limited 
outcrop, but they have a very considerable development 
in the Western Bhootan Dooars. 

Mallet’s map terminates along lat. 90’ and there is a 
considerable gap before we come to the next geologically 
coloured patch for n hich we are indebted to Dr. Pilgrim 
(21). In this area Dr. Pilgrim came across the Purana 
beds comprising the Baxas and the Dalings, the Baxas 
being characterised by dolomite. Dr. Pilgrim did not 
separate the Baxas and the Dalings in the map and the 
eminent authors of the Geology and Geography of the 
Himalaya Mountains and I’ibet have adopted Dr. Pilgrim’s 
colour, though they evidently do iiot agree with him in 
the interpretation of the term Piu'ana. Thus we find 
that the types of rocks found near Darjeeling and the 
Western IJhootan Dooars are also repeated in portions of 
Bhutan to the further cast. 

The next portion to be considered is the Aka hills 
of the Assam Himalayas for a geology of which we are 
indebted to Mr. La Touche (10). The Purana group of 
this area is characteiHsed by .slates ajid schists of the 
Daling type and no dolomite has been recorded. So we 
find that the Purana group is represented in the Aka 
hills by the Daling series only. The next patch to be 
noted is the Daphla hills for a geological account of 
which we are thankful to the late Mr. Godwin-Austen (Ii). 

2 
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The Parana rocks are here represented by quartzite, 
naica-schists, etc., which possibly represent the Paling 
series. 

The next portion of the country to be considered is 
the Abor country for a geology of which we are indebted 
to Pr. Coggin Brown (1). In this country the Parana 
rocks are evidently represented by the following 
sequence : — 

Metamorphic series. 

„ (with dolomites). 

Mica schists series. 

The metamorphic series consists chiefly of slates, 
quartzites and schists and when we remember that in the 
typical Baxa section the dolomitic rock occurs nearly at 
the bottom and is succeeded by a considerable thickness 
of slaty and schistose rocks we may safely conclude that 
the upper two members of the Parana group represent the 
Baxa series and the mica-schist series lying at the bottom 
represents the Paling series. 

Wo have now to turn our attention to the eastern- 
most outcrop of the Parana rocks, namely, the Miju range 
where, according to Maclarcu, the Parana rocks are 
referable to the Paling series and the rocks found are 
quartzites and slates with phyllites (11). 

Age op the Purana rocks — Simla Pacies. 

Prom what has been said above it is clear that in the 
Parana rocks of the Himalayas two distinct facies can be 
recognised each being characterised by extensive outcrops. 
The Parana rocks of tbe Nepal Himalayas could not 
be accurately correlated with any of the two facies 
on account of their great distance from the nearest out- 
crops, but very likely the map prepared by Burrard and 
Hayden represents the correct interpretation of things. 
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It is not unlikely that the Baxa liroyestone represents the 
Deoban limestone but until we have got some knowledge 
of the geology of the Nepal Himalayas, especially of 
their western portion, it will not be possible to say any- 
thing definitely about the relationship of the Nepal 
Purana rocks and the rocks with the Simla and the 
Darjeeling facies. 

On account of the absence of any indisputable fossil 
remains the Krol beds have been referred to the Algon- 
kian system. Mr. Oldham correlated the Blaini beds 
with the Talchirs hut this opinion was controverted by 
Sir Thomas Holland (9). In a paper read befort! the fifth 
Session of the Indian Science Congress under the joint- 
authorship of Vredenburg and Das-Gupta (22) reference 
was made to the discovery of Chonetes in Krol beds, but 
this opinion was not accepted by Sir Henry Hayden who 
thought that the bed from which the fossil had been 
obtained was Tertiary as previously mapped by Medlicott 
(5). It is unfortunate that in this criticism one impor- 
tant point was completely lost sight of, via., the difficulty 
of always distinguishing between the Krol and the 
Subathu beds. While describing the Krol beds Medlicott 
remarked (33) : — 

“Among all these beds, as we ascend, shaly cltys are 
introduced, after having a light, but bright, pink, and 
sometimes a mottled green colour. These clay rocks 
occasionally give rise to a little confusion whert they 
occur at the contact witJi the Sabathu group.” 

Prom this quotation it is not unlikely that there may 
be some error in Mefilicott’s map, anrj an observation of 
Sir Henry Hayden may be cited in support. According 
to Medlicott, the Shali limestone, in the neighbourhood 
of Simla, is a Krol limestone (13) and the country 
round about the Shali peak has been mapped as 
belonging to the Blaini-Krol series, and the other rocks 
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found in this area are the infra- Blaini slates and the 
crystalline metamorphics. But sometime ago Sir Henry 
Hayden himself found out the occurrence of nummulitic 
limestone in this area (5 and 6), thus pointing out that 
Medlicott’s map required emendation. 

Conclusion. 

In this note an attempt has been made to bring 
together in a coneise form all that is known about the 
Purana outcrops along the entire length of the Himalayas 
and to correlate them more definitely than what has 
hitherto been done. The results that have been arrived at 
ai*e tabulated in the accompanying plate. 
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COMMENrATIONES ALGOLOGJCAK 

TV 

COMPSOPOOON LIVTDirS, (IlOOKPU) DK TONI 

BY 

Paul J3RUirL, D.Sc. and Kalipada Biswas, M.A. 

In our account of (\impsopo(jou ]Moiita^ne, as ^rowin^ 

in Bengal {sec Yol. \ . of tlio Journal of llie Department of Science, 
Calcutta University) we had occasion to mention that we had noticed 
a second species of Compsopo^on j^rowiiiii* in similar localities to 
those in which we had observed specimens of C()m 2 '>!^opogon eooiitlens. 
We have been able to secure, during the present season, sufficient 
material for a detailed study of this second spi'cies. 

It was late in February, ]1):U3, that we discovered some specimens 
of this second species in a pond situated in Mr. 11. Bose^s nursery, 
Ciariahat Koad, Bali^an j, after the disappearance of t. coerjfhi/s ; they 
were found at.taeluMl to the leaves of llydrilfa verticillata and 
entaniyled in a mass of Pi( hophora polgmorpliK . During the present 
s(‘ason ContpHopogou voendettH ^rew much less luxuriously than in the 
prectdin^ yi^^v, evidtmtly owing to its being choked up by dense 
masses of 'Irehonrma {jomfjdcintnit , which occupied the edge of the pond. 
0»’, the other hand, the second species, which is undoubtedly identical 
with Cotupsopogon. ii rides, (Hooker), was mueli more identirul. It 
grows on the leaves of UfpirUla vert id If at a and other atpiatic plants 
as well as on tlie culms of grasses and on decaying sticks floating in 
the water of the pond ; sometimes it also grows iliroctly on the mud 
at a slight de})th, nearly always at a distance of one to several ft‘et 
Irom tlu* edge of tise pond. Ir is commonly intimately mixed \\\) 
with filaments of* 'PrrfiOiH' ma fjondiiti'm mn and of species ol Spirogg re 
and lllofhriiT. * • 

As a rule, tiu‘ colour of (Uunpsopogoit Dcnlus, where it o<*curs in 
dense masses, is bluish black, particularly so where it is situated 
underneath other aejuatic plants or when it grows on the miul under 
a stratum of one or two f<*et oF water, whilst when it is more exposed 
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to the rays of the .-an, |ho colour merges into a pal(‘r greyish blue ; 
after dyini; the colour becomes greyish white. Youni^or filaments 
are often deep blue or they are suffused with pink. 

The branches and especially the ultimate branehlets are rather 
irrej^ularly disposed and somewhat more scattered than they are in 
C. coend riis. They are cither nearly straight or more commonly 
sinuous or inflexod and they stand at anj^le.s to their parent axis of 
5*2^ to more than a ri<:;ht am^le, the usual ani^les lyinj^ between 7T 
jmd (S5'". In the majority of cases the branches originate on one side 
only of the panmt axis, as shown on plate I, lig. .2 ; it is only 
because the main branches are often more or less twisted ihatr the 
branehlets arising from them appear at lirst sight to be disposed all 
round. Some of the branelu's of the seo(md, thinl or oven fourth 
order develop rind cells without further branching. Such rinded 
branches arc, of course, consi<lerably stouter than the un rinded ones 
and are often decidedly truncate at their apex. The branehlets which 
have not deveIo[)ed a cortex gradually thin out towards the tip ; the 
corticated branches are commonly 50 to ()0/<. at their basi* and 20 to 
25fi at tlu*ir a[)ex. As in coer/dees^ tlie branches originati from 
the central cylinder and never fiom the rind cells. The development 
of the rind cells starts at the base and proceeds in an upwainl direction ; 
in detail it is (piite similar to that. describ(Ml by us in the cas(‘ ol 
(J. ooenden^. The axial cells are disc-shaped and (‘ontracted at the 
joints ; when held against the light, th(‘ uneortieated branches ])n'sent 
a beaded appearance ; tlie cells at and nca.r the a])cx are d-7/< long 
by 10-15/t in dianuder, whilst those lower down art* d-12/j long 
and 21-‘)0/i, in diamete]'. ddie cell-walls (d‘ both axial and rind cells 
aie 2-ll/x thick, 

ddie contents of the u])per cells of tin' branches are dens(dy 
granuhir and dt‘ep blue ; lower down the <*hromophores are ovoid or 
spherical, and along the walls they arc arranged in row s. 

The central portion of tin? older stem and the main branches 
consist of cells witli veiy thin walls (.vec tjg, 22 on plate III). The 
cortex consists of small cells of various .sizes ami shapes. 

The organs of reproduction are similar to those of C. coeriden^. 
The mierosporangia occur either singly or they form hemispherical or 
oblong .son’ of Iw ) to twenty cells, which are normally spherical, but 
becoim* more or loss polyhedral by mutual pressure. The sori eith(*r 
take tlu'ir origin iiom rind ccdls or from the cells of uneortieated 
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branebletp. ^Flir* diarnelcr of iho sori varioj, aceordinjij to llie luaiibor 
of niicrosponiiitj^ia, bciwoen lo and 80//. The nucrosporangia, when 
s])herieal, are ahout ‘d//. in diameter, when more or less oblong in 
surfaee view, they arc 0 x tUd/x. Development and discharge of the 
microspores is similar to that described in C. coendem. 'Fhc rnicros- 
j)ores arc (5-0/^ diameter ; they are pale blue ; the nucleus is 
placed centrally and the chromoj)hores arc less densely crowded near 
the ecu I re than near the periphery. 

The macrospores arc probably always formed at night ; they are 
less abimdantJy j)rodiiecd than in C. and they originate in 

the rind (.*clls. They are spherical, about twice the size of the 
micM-osimres, usually lift in diameter, and c.ontain a central nucleus 
and ellipsoidal, closely packed chromophores. 

Only in one case was the commencement of the germination of a 

macrospore observed. 

i'ntu jiHnpoijon liviifiifi has })een observed by us growing only in 
stagnant pools. Hir Davhl in No. *2, Vol. ITI of the Records of 

the llolanieal Survey of India, reports the sptKues from canal banks 
near Oaleutta Salt Dakes and tlie banks of the Ilugldi. The species is 
found during tli<‘ months of tVbrnary to April ; it ap])oars to grow 
nmsi luxuriantly bt‘tw<’en the middle of Kehruary and the middle of 
March. 

The following is a description of the species : — 

( 'u nj)sopoffo)} /iriilffs, (Hooker) De d\)ni — frondibiis caespitosis, 
lO-oO (MU. longis, virgato-raniosis, sae})c in massas densas coeruleo- 
iiigrcsoenti"^^' intrieatis ; raniis ramulis«pie hand dtmsc aggregatis, 
5:a(‘]nsslmc unilatiu’aliter et plus niinusi[ve irregulariler dispositis, 
angnlos .ui' saepi.^sime 71^8,) ' ouni axi edicientibus eoernleo- 
nigiTsccntibiis vad oinereo-caoriileis, ultinii.s saope pnrpurascentibns, 
crassiorit)ii'^ saope apiec tninoatis, nil i mis saopius apicem versus 
attenuatis ; cellnlis axilibus diso.oideis, ad gonicnla manifeste 
eonstriotis, oortiealibus muilo minoribiis, conligiiratione variis, 
chromatophoris spbaerieis vel ellijisoideis. 




CO MMENT ATLONES P H YTOMO RPIIOLOGICA E 
ET PllYTOPHYSIOLOGICAE 

IV. 

EICHHORNIA STUDIES 

III. 

ON THE PRODUCTION OF RIPE SEEDS BY ARTIFICIAL 
POLLINATION OF EICHHORNIA SPECIOSA. 

BY 

Paul Buuhl, D.Sc., and Jaiish Sen Gupta, M.Sc., 
University Reseakch Scuolak. 

A search for ripe fruits and seeds of ^ichhornia 
speciosa, the Water Hyacinth, in and around Calcutta 
and elsewhere, continued for several years, has up to the 
present proved abortive. The statement has been made, 
that ripe seeds have been gathered in the District of 
Mymensingh, but the correctness of the statement has not 
been sufficiently substantiated to be above all reasonable 
doubt. In this connection we may refer to an interesting 
paper by the well-known naturalist Fritz Mulleu giving 
details of his observatibns and expc'riments made by him 
more than fortv rears asjo at Bluinenau in the Brazilian 
province of Santa Catharina {s^e Kosrnos, Yol. XIII, 
pp. 297-300, 1883, and G<‘sammelte Schriften von Fritz 
Mviller, edited by Alfred Moller, Vol. I, Part 2, pp. 9&8- 
981). A single specimen of the hichhor^ia speciosa had 
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been introduced about the year 1863 into Blumenau, and 
in 1883 the descendants of that single plant were covering 
ponds and ditches and were formibg floating meadows 
along the banks of the river Itajahy. Fritz Muller 
searched unsuccessfully for ripe fruits and seeds and 
arrived at tlie conclusion that the observed sterility was 
due to all the Blumenau plants having been derived from 
a single mesostylous specimen and that, as in a number of 
other cases, such plants could only propagate themselves 
vegetatively. Further observations, however, led to tbe 
discovery of ripe seeds as well as to macrostylous specimens 
and other specimens with diflerently coloured flowers, 
from which it followed that the ovules of mesostylous 
flowers could be fertilised by their own pollen or by the 
pollen derived from similar flowers. This was verified by 
experiments with artificial pollination. 

Fritz Muller in his paper refers also to the observed 
fact that in many cases the pollen grains of heterostylous 
flowers are larger in the anthers of the longer stamens 
than those of the shorter ones, lie had observed that in 
fruits which had matured in consequence of pollination 
of the stigma fluth pollen taken from the shorter stamens, 
the ovules situated near the base of the ovary had 
atrophied ; there were, however, exceptions to the rule 
suggested hy the result just mentioned. 

Another experience of Fritz Muller is of consider- 
able interest in connection with our subject. We therefore 
give here a translation of a pa.ssage in the publication 
referred to. “ Of the seeds obtained as the result of last 
year’s experiments I sent some to a German botanist, who 
wished to study the germination of the seeds ; at the same 
time I sowed some seeds of the same gathering as well as 
some fresh ones in water. There they lay for three 
quarters of a year, after which I threw them away, I 
naturally expected to receive news from Germany that the 
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seeds sent by me had proved to be worthless, and I was 
consequently highly astonished when I heai’d that the 
seeds had germinated beautifully. As later on I dis- 
covered that older seeds germinated quite well, it appeared 
to me most probable that preliminary desiccation of the 
seeds might be a necessary condition of successful germi- 
nation. Therefore, on the 16th of F(d)ruary I })laced 
freshly harvested seeds of a mesost.ylous specimen of 
Eichhornia in a glass filled with water, whilst other seeds 
of the same crop I preserved in the dry state. On the 
15th of the following March Ihe seeds sown a month 
before appeared to have undergone no change. The seeds 
kept dry were now sown in water. On the 13th of April 
it vr^as found that inanv of the seeds of the second lot had 
germinated, whilst none of the seeds of the first lot had 
done so. The latt('r were now taken out of the water 
and kept dry till the 22nd of April, when they were 
thrown again into a glass of water.”' On the 7th of 
May many of these seeds had goininated. These 
observations suggest that seeds Avhich have got mixed 
up Avith mud which either dried up or was carried 
away adhering to the feet of aquatic birds are likely to 
germinate, sometimes in distant pools of water. 

According to our observations the Indian specimens 
of Eichhornia spcciosa are all of them mesostylous, that 
is to say, the stigma is situated at a level between that of 
the anthers of the three longer and that of the anthers of 
the three shorter stamens. The filaments of the longer 
stamens were found to be 21 to 26 millimeters, those of 
the shorter ones 6-10* millimefers long ; the anthers of 
both sets are about 2 mm. long and 1 mm. thick ; the 
style is 21 to 26 mm. in length ; the anatropous ovules 
are approximately 500 p long and 225 /x broad. The 
stigma is three-lohed, and the terminal area of the lobes 
is covered with hairs, which may or may not end in 
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glandular swellings. ' The style consists of three connate 
branches each of which is traversed by a central 
longitudinal canal. The filaments are beset with gland- 
tipped hairs. 

The fruit is a trilocular ovoid-oblong capsule terminat- 
ed by the dried-up stylo and ('nveloped by the inarcescent 
corolla tube ; it is either straight or curved and ftnally opens 
by three longitudinal slits. The numerous seeds are 
cylindrical, shortly attenuated at the base, truncate at 
the apex, which is formed by a central flat, nearly black 
area surrounded by the upper ends of the 11 to 18 lateral 
sharp and minutely undulat'‘d ribs, the spaces between 
which are marked with numerous transverse fine parallel 
lines ; the colour of the ti*sfca, e.xcept tlie terminal area, 
is light-brown. 'fhe embryo is ceniral, elongated, 
nearly of the same lengt h as the seeds and surrounded 
by a mealy endosperm. 

The first question to he decided was whether the 
pollen of the Water Hyacinth was capable of performing 
its proper function. As a first step towards a sohition 
of this problem a number of culture experiments were 
made, the culture nuslia used beinif tO, 20, 10, 5 and 
2 per cent, solutions of cane-sugar and of glucose and 6, 
2'5, 1'5, and I per cent, solutions of ;;elaline in distilled 
water. d'he 40, 20 and 10 per emit, solutions of sucrose 
and glucose proved ineffetetive, and the 5 per cent, 
solutions were moderately effective, and all pollen grains 
germinated in the 2 per cent, solution, although the 
solution of sucrose was undoubtedly the most effec- 
tive. Of the solutions vif gelatine th(‘ 1 per cent, 
solution produced the best results, dnf, tluise were far 
inferior to tluxse produnal by tli.- 2 per cent, solution of 
cane-sugar The pollen grains vi rminate also freely in 
distilled water, but even here the 2 per cent, sugar solution 
is more effective 
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It has often been observed tha’t the pollen grains of 
shorter stamens are smaller than these of the longer 
stamens. The pollen grains of Eiohhonda speciofta are 
ovoid ; measurements showed that those of the longer 
stamens were 72 to 100 by 58 to 80 p., thoseof the shorter 
ones 60 to 80 by 47 to 78 p. in length and breadth, so that 
althousch some of the pollen grains of the longer stamens 
are larger than the largest grains found in the shorter 
stamens, and some of the latter are smaller than the 
smallest of the longer stamens, pollen grains of the same 
size ar(; found in both the longest and the shorter 
stamens. 

As a curiosity, it may be mentioned that two flowers 
were met with whicdi had seven instead of six stamens ; 
in one of them the additional stamen had the same length 
as the longer stamens, whilst the other had a length 
intermediate betwetm that of the longer and shorter 
stamens. 

Our first attempts at artiticial pollination were made 
between 10 a.m. and noon on the llth. 12th, 13th and 
14th of August last ; they proved all of them unsuccess- 
ful. The next attempt was made at 7-30 a.m. on the 
20th. The pollen was taken from the anthews of the 
longer stamens of other specimens ; as a rule all 
the flowers of an inflorescence were pollinated. In 
those referred to three fruits were produced from 
one inflorescence and one from another. At 9-15 a.m. 
on the 8th of September all the flowers of five 
inflorescences were pollinated with pollen taken from 
ihe longer stamens of different plants. The results 
were as follows : — first inflorescence with four open 
floAvers and six buds ; second inflorescence M'ith eleven 
flowers; third inflorescence with eight flowei's ; no 
result was produced in these three cases ; the fourth 
inflorescence with ten flowers produced tfour ripe fruits, 
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the fifth with six flowers produced one ripe fruit. In 
this case it had been raining the whole of the preceding 
night and continued drizzling all day long. At 6-30 a.m. 
on the 9th of September the buds of three inflorescenees 
were pollinated, but only one inflorescence produced one 
fruit ; on the other hand of four inflorescences pollinated 
at 8-15 A.M. one with nine open flowers produced three 
fruits, one of five flowers produced five fruits, one of 
eight flowers gave rise to five fruits, and one of ten 
flowers produced also five fruits. 

On the 10th of September at 8 a.m. seven inflore- 
scences were pollinated with the pollen taken from 
anthers not yet dehisced : the number of flowers in each 
inflorescence varied from .seven to ten ; three produced 
no fruit, one of seven flowers gave rise to six fruits. It 
may be noted that there was a heavy shower of rain on 
that day lasting from 9 to 11 a.m. On the 11th of 
September four inflorescences were pollinated with 
pollen from the long stamens of the same flowers, one 
inflorescence of six and anotlier of seven lloAvers pro- 
duced six fruits each, one of seven ilowers produced no 
fruit and another gave rise to two ripe fruits. At 7-45 
a.m. on the first of October one inflorescence of nine 
flowers was pollinated with the pollen from the anthers 
of the short stamens of the same llowtws ; result : one 
fruit ; another inflorescence of six flowers was pollinated 
with the pollen from the short stamens of another plant ; 
result : three fruits. On the 7th October between 7-45 
and 8 a.m. the seven flowers of one inflorescence and the 
eight flowers of another were polliftated wuth the pollen 
from the short stamens of the* same flower; in the 
first case five fruits, in the second only one fruit was 
produced. On the lOth of October, at 8-45 a.m., 
the flowers of three inflorescences, two with six, the 
third with eight^owers, were pollinated with the pollen 
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from the short stamens of the same flowers ; in all three 
cases each inflorescence produced four ripe fruits; the 
seven flowers of another inflorescence were pollinated 
with pollen frorn the short stamens of different flowers; 
result : four fruits. Two inflorescences with seven and 
eight flowers respectively when pollinated with the pollen 
from different flowers yielded the first one, the second 
two ripe fruits; the inferior yield may have been due to 
a constant drizzle lasting the whole of the night and day. 
The best result was obtained in an experiment made at 
8 a.m. on the 8th of October, which w^as a bright day; 
an inflorescence consisting of seven flowers produced seven 
ripe fruits; the pollen was taken from the anthers of the 
long stamens of the same flowers. It may be noted that 
in the experiments with pollen taken from the anthers 
of the short stamens of the same flower the anthers of 
the long stamens had been removed. 

It appears, therefore, that pollination experiments 
give better results if they are made on bright days; fur- 
ther that artificial pollination is best carried out between 
7 and 9 o’clock in the morning and that it does not seem 
to make much difference whether the pollen is taken from 
the long or the short stamens of the same or of different 
flowers of the same or of different plants. 

Our experiments show that it is not impossible that 
now and then ripe frails and seeds of the Water Hyacinth 
may be produced in Bengal under natural conditions. 
That this does not occur more frequently may be due to 
the absence of certain insects which may be necessary to 
produce cross-fertilisartion. I£here and there ripe seeds 
should be produced, their distribution by aquatic birds 
would explain the appearance in isolated ponds and 
ditches and thereby the problem of the eradication of the 
Water Hyacinth would become even more compli- 
cated. 
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J^’urther experiments undertaken by us have shown 
that the seeds obtained by us germinate freely, but espe- 
eially well in wet mud. An account of these experiments 
will be published at a later date. 

Botanical Laboiiatorv, 

University Colleoe of Science, 

The 15 th December, W25\ 




EXPLANATION OF FIGURES 


1. Flower showing the relative position of the anthers 
and the stigma, X 2. 

2. Lower part of corolla slit open on one side and 
spread out, x 2. 

3. Anther, ventral aspect, X 19. 

4. Anther, dorsal aspect, X 19. 

5, 6. Glandular hairs of filament, X 52. 

7, 8. Two pollen tubes from artificial culture, x 80. 

9. Pollen tube, spirally twisted, from culture, X 120. 

10. Pollen grain, x80. 

11. Transver.se section of the style showing the three 
canals, X60. 

12. A stigma tic lobe, xl5. 

13, 14. Hairs from the stigma, X 58. 

15. Seed, x 40. 





PAL EONTOLOGICAL NOTES ON THE Nl' ^rMLJLlTlC 
ROCKS OP CHERRA-Pl NJl, KHASl HILLS, 
ASSAM. 

(\VlTll I'LATKS). 

By 

Hkm Ciiaxdka DasAL fta, M.A., r,(LS. 

Introdia TIOX. 

All slii(l(‘nts of Indian Geoloi^y are now aware of the exislenoe oi’ 
fossil iferous roc*ks in the Khasi hills and wn are indebteil to M. Delue 
for the first rnention of tin? oceurrence of \\\ Assam.* 

A contrihiilor, snhsm’ibini^ himself :is P, was th‘ secoml to ^ive ns 
some information (loalimjj with the oxistenee of fos<:ils in these hills.- 
The area Wiis siibs(H[iieii(ly visited by M’Chdlaeid wlm reeorded th(‘ 
oecnrronce of a hn'iTo number of fo."^ils in the^e hilL incdnJinjj^ 
\ II i>} m kJ ! I At al)oiil the same tim.‘ in a p.ijun* ilenlini^ with tie' 
LCeoloi^y of parts of Assam, Pisher [)ointi‘d out the lo-silifc'rons nature 
of the Khasi hill limestom'. ‘ The late Dr. Oldham visited the 
Khasi hills dnrim; lSol-5:Z and we are indebted to him for the llrst 
eomprehensive aLOonnl of the i>jeol«>L^y (d* these hills, but, most 
unfortunately, tin; fossils that had been eolKM-ted were lest dui’iuL,^ 
their carria^'e to Ihiejland, thoue:ii many of tluun were hO tdiarac- 
teristie as to lead him to suspeet the prese.nee of upp u’ (b’otaet'ous 
beds.'’ In their cdassical work dealing; with tiv mimiU’vilil i(*. rooks of 
India, dbArehiac and llaime deserib(‘d a bnv fossils oceurrine;’ in the 
Khasi hills and these include Xiiinniiilifr.-< si'iffu'.i , \ ve, A Aer'e.s’O// /, 
A', licduuioihli y N, rj'fj>nf(’//s and A'. ^■/>//^^ Two important (‘omiuuni- 
cations were then published by Medlicott dealini^ with the i;’eoIoL,^y 

^ d’ Ari.'li and llainio : Moiioijji*. ‘d. Xinmiinlit^'s, \\ 

* Ciloaii. Sci. 1, pp, 2r>2-2r)r), lS2n. 

■’ .Journ. Asia. Soe. lieng., IV, p. 520, IS:).”). 

' .loiirii. Asia. Soe. Beiig., IX, pp. SOS-Sl-:l, IStO. Kislaa-’s d.'l.'rniiiKit iiii was not 
(‘eiiaici in all casos, as ho inoiiLions th»^ oi’v’iiiTonei ol i among tin* 

("y'. ('it., p. 81,:)). 

Mom. Geol. Sarv. Ind., Vol. J, pp. nn-2lOj ls:)l. 

' hk J. 0. S., Vol. XIX, pp. 521.r)2C>, I80:h ^ 
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oF Assam. In one ' a- short account of the geology of Assam 
was <>iven and the other dealt with the geology of the Shillong 
plateau. The fossils, collected by him, from the numrniilitic series, 
were determined by Stoliczka and a short note contributed by him 
was embodied in the main re])oit of Medlicott.'^ I had an op|}or- 
tunity of visiting these hills in 1017 in cdiarge of a party of students 
from the Presidency College, Calcutta. A study of the nurnmulitic 
limestones collected has rev'ealc<l the presence of some fossils not 
hitherto reconled from th.\se beds and accordingly the present note 
has been drawn up. 

Correlation or the CuERRA-PrN.ri Nitm.militio Lhiestone. 

In order to settle the position of the Cherra-Punji numinulitie 
beds with precision reference must be made to the species of 
occurring in them. Tin; spe(!i(‘s of that 

have been hitherto observed as occurring in th<‘se bods by different 
persons are enumerated below : — ■ 

1. NianmnUte^ .v'afjra ((PArch and IJaimo and l.),is-(lu [)ta). 

2. iV. (d^\reh and Ilaime). 

3. hv(utmiut ((PArcdi and Haimc and JStuIiezka), 

4. A'. U^uiini/oiif i ((PAreli and llaiine and Das-Cupta). 

5. S , (Oldham and Das-Cupta). 

() A. Liter if/a fits (Oldham), 

7. aV. Lfji‘(li (v)ldham and Da.s-Gup la). 

8. A . Lantarcki (Stoliezka). 

y. A’. linniondi (Stoliezka), 

10. A". (Itzehensis (Das-Gupta). 

1 1 . Assil I tia (jra a ulosa ( S toliezka) . 

1:2. /i. c.r/jotietis (d’Arehiac and Ilairne). 

13. A, spira (d’Archiac and JIaime and Das-Gupta). 

For a detailed account dealing with the distribution of Nimmnli(e'< 
in India reference should be made to the late Prof. Vredenburg’s 
paper in which it has be(m shown thal i\. miOra=: jY. Laerigaim 
(op, cif.y ]), >>8), N, ohiasvs — N . (Jiiefiensis (pp, ciL^ 85) and 

^ Mem. Gi'ol. Siirv. Iml., Vol. IV, pp. 387-442, 1805. 

2 Mem. Gee. Surv. Ind., Vol. VIT, pp. 101-207, 1860. 

Op. e/L, p 167. 

^ Hcc. Geol. Surv. lud., Vol. XXXIV, p]). 70-95, 1006. 
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y, N. (ji:e/fcitsi.s (op. p. 8S). ‘Artcrllie removal ol: tliose 

three species from the li^t, ten are left behind and they ineliule seven 
of those enumerated by Prof. Vredenbur^ as occurring; in tl)c 
tertiary beds of Simb The zonal distribution of these seven species 
is given below : — 


• 

r.aki 

IClKTU.M!. 

Jjower. Midtllo, j F[)por. 

] . N. Lauvi^atii.s ... 
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+ 1 + 
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iV, Ui'.'iumunli ... 
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1. N. us 
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1 ■ ; 

4* + , . ....... 
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.' 1 . A. OXpollL'llS 


4- ' 4- 

' - i i 


»>, A. spira .. . . ... + 4 i .. | 

7. A. uframilosa- ... f- ... | . . ... • ' .. ... ... 

Prom the e vide nee of Xu/th,/ oli/rs it is reasonable to conclude t hat 
the beds containing the fossils repre.sent the middle Ivirthar faeies 
and lean more towards llie division I? than towards A. Idio presence 
of J. a very characteristic 1/aki form in the middle 

Ixirthar beds is rather puzzling aii'i either the verticil range of 
/. f/r<(n.'(lor{ has to be very iniudi extendetl or the anomaly is only 
an apparent one due to a wrong identillcatiou of the fossil. It may 
he further added that two of the species of the Ivhasi hill 
hfesj not included in the foregoing list, namely, X. and 

\. Rdfiioniliy have been found in the middle eocene beds.^ 

Accordingly it is fairly certain that the table of the zonal distribution 
of Xiniinndiles prepared for the Tertiary beds of Western India is also 
applicable in the case of the Khasi* hills and the Cherra-punji 
iiuinmulitic limestone is lutelian in age. With this determination 
ol the stratigraphic position of the nummulitic limestone beds of 
tdierra-punji I shall now proceed to de.'^crlbe a lew microscopic 

iossils obtained and hitherto unrecorded from tlu-se beds. 

■r.. Div , IV, V.-l. \ 11. vv- l'.»ci 


(icol. 1\I.» 
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Dl VTOMS. 

The play a very important part among tlic fossils present 
in the limestone a- revi'aleil by the microscope. A few sections 
examined have shown the [iresence of diatoms. One of the sections 
containing these diatoms was treated with liydrochloric acid ; 
the whole of the section was attaedeed and no silicioiis residue 
was left behind showing that, in course of fossilisation, the 
silicioiis skeleton was entirely replaced by calcium carbonate. A 
similar re[)la(^ement of the silicioiis skeleton by carbonate c5f calcium 
has also been recorded by Cayeux.^ These diatoms belong to 
throe different genm’a. One of them is jiossibly luniolui, Khrenb. 
Sections show ing both the rectangular (j 1 ilrtelansicht and the 
bow-shaped Schalciuiusicht are present, ddie second genus that has 
been identiliiMl by me is X while the third genus rcjiresented 
X /;/, recognised clii(‘lly by its elongated form. 

ijl'l IIOTII \ MXiO.s Gk\X1)ISj n. Sp. (l'l,\Ti:s l AND ii). 

'The alg:i‘ are repicsented not only by the diatoms but also by 
the h in a." shown bv hiiliolliiiiii moii which ap]')arentl\ 

contributes an important [lart towar«ls the formation of this limestone. 
It is an im[)orfcint constitinmt of the modern marine llora and, as 
far as known at present, is represented by a number of fossils 
beginning from tliO Jurassic time, d'hese species are of some 
im[)ortanco in corrclafion as almost all of them are conliried to om? 
pirticiilar system, one important exception bi‘ing A. rdccnnis, Aresch 
as, according to Hothplet/, it has been found to range from the 
miocene up to the present time. - All these species have been 
primarily described from tlie Kurojican countries and it is only in a 
very few cases that the genus has Jieen recorded from the Asiatic 
land. As nKmlimud by Martin LH fioihdmnioa is found in llni 
cretaceous roidcs of Curacao while calcareous alg;e have been fouml 
in the crolaceou^ rocks of Borneo^ {\nd, according to the same 
author, schon seit dor Kreidzeit spiclen die Ijithothamnien in den 
Tropen als Hiffbilder eine wichtige Rollc.^ * Sir Henry Hayden 

Wlm)'. Koe. (Jfol. Franco Nord, IV, 2, p. Ul. 

/ 4 ‘il.sclir. (I, (kuthcli., Closscl.Hcli, Xiaif, ]). 321, 1801. 

' (’I'litnilhl. I'. Mill, (loot ». Pal p. lOl, 1001 
‘ "c. p. ion. 
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Jesuribed IjUkolhfiumlin I'roin the Ki’iinii systmn ol* 'ribjfc. ‘ Dr. 
Brouwer his rt’cenily recorded the occiirrciu'e oF LiUiot lnunmon 
in the old Tertiary beds oF Bast Indian archi{)ela^o. ' The iipjKU’ 
Tertiary beds of Japan, • New (niinea ' and several places in the 
Bast- Indian archipelago have also yielded the remnants oF this ^enus, 
the only species tiiat has been identified in tliest* beds l)ein;:^ the 
well-known A. ramuis.sissi nnun Kens. ’ Brouwer has also recopjnised 
the iJ^enns in the tJnaternary bod. d'he Fossil is but scantily known 
From India and a reference to this <^enns is to be found in the 
work of Adye who Found plant remains, clos-dy resembling!; the 
calcareous aljjja LHI/oUhih^inoif from the inioeime Loilhek.ilk of the 
Vienna basin, in the neii^hbourhood of lUio^aii in Navanai^ar ‘ 
while the same jj;enns was also met with in the snb-aerially 
consolidated Sohn Dana limestone, '^ and also in tlui Borebandor 
limestone. '* Takiiii^ all these facts into eonsideration the discovery 
of Lifhoth amnio It in the eocene rocks of ('herra-pun ji is extremely 
interesting. The (.dierra-])unji specimens seem to be nearly all 

broken rcsombliin^ the ^ abL^obrochene Aststiicke^ describc'd by 
J^ehwan’or from the eocene beds oF the Libyan des(n't.^" ddie 
sp''cimens are so (.‘ompletelv broken that :imoni»’ a hvi^c number of 
individuals examined by me I came across nnl\ two cast's in whi(.*h 
the bushy nature of the ])lant has been preserved, to a very small 
extent, w'hile in the hand specimen I could sec only the broken 
Frat^ments. ddu* fronds arc usually fan-shaped, thoii'j;h in sonu' 
eases tluw apj)car to be elongated and the si/e attained by one ol 
(hem was about d mm. 'fhe st'ctions slujw that the eonlral part 
eonsisls of a number of closely ]xicked more or h'ss isodiaimdric or 
pai'cncliymatous cells which arc follow«‘d by a uumbor of concarntrii! 
layers, each layt'r ('onsistin^* of a number of rectaiv^ular cells. 'These 

* iMcuj, (ioiil. Sure. Ind., Vol. XXXVI. ]>. lOU. lUOJ. Acourdini; lo rroT. 
tins La hoi]ifininnoi — ])vi\vu\iX IittK’slotK' Macst i K*liti:in in ai;'' { In't ^ i \ol. •>. 
Mem. p. 13, 1901). 

- .Jalivb., V. Ii. Mijiwv in Xed-o-Imli', 1917 te (!''d., pp. *J29, ’2'M) i t .- 17 . 

' Jonrn. Coll. Sei. Ini}*. Uiiiv, Tokyo, Vof. XVII, Ait. <), pp. 17-19, l‘.K'“2. 

‘ Geol. Ma^., p. 210, 191 S. - 
Brouwer : op. p. 243, 

Op. r if., \\ 2m j. 

Keonomic (loolo^y ol’ Navaiiauav Slab*, p, 129. 

He'd, p. 17 . 1 , 

' Q. .1. (i. S., Vol. LVl, p. r>Sl>, IIMK). 

' ’ ^^citsclir. d, deuUcIi. geol. (le.sseLeli, XLIIl, j'. 3h>, 
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ccJLs jn*o i’jiirly big in size and the walls are siifiiciently thick. The 
length of the reelangular cells is 1-5/^ — GO//- and their breadth is 
IS//^ — :!;3/o Telraspores arc unknown. Hitherto only three species 
of Li iJiollhimiuoii have been nrordcd from the eocene beds. These 
are L. JSiiuininhficu)}} (UimbeP, L, cU'iisum GllmbeH and 

//. A’SrJiri\so/ii Selnvag." According to Ihof. Seward the size 
and the lonn of tlie genus Lilliolhitmiiion should be taken into 
consideration in determining the species. ^ None of tlie previously 
mentioned species has got cells which are as big as those found in 
the Khasi liills and the Khasi hill plant has been designated under 
a new specific name. 


LlTJlOTIlAMMON Cll IJ{ i: AlU'X.I I KKMs, n. sp. (|>LATE in). 

In one oi the slides 1ms been found the l)ranch of a Tiitbo- 
tliamnion which is (juitc different from the branebes hitherto 
desei'ilied. Iho braiK'h is an cl<»ngat(Ml one mpasnring about mm. 
without the central portion completely prescrv( 3 d. The concentric 
layers are very closely packed and tlie cadis are ext remedy small. 
It is also (jiiite unlike any ol the known eocene species of the 
genus. 


Fora MIX II MR \. 

The piiljlishcd lists of tos-sils obtained from the Khasi hill niim- 
iiiulitic^ beds sliow that thongli they include many of the different 
invertebrate sub-kingdoms, the largest nundier belongs to the 
foraminil (iia, My own experience also corroborates this and by 
examining a number ol sections of the limestone with ti|o help of 
a microscope I luive come; across certain genera (Foraminifera) whicdi 
h,i\c not liitlierto been recorded Ironi these beds. The species of 
Ls ininiiul if <-s occ'urri ng in these beds have been already described by 
clArchiac and llaime ’ and I wish to record here the characters 
of a lew foraminilcM'a not previously recognised by any one as 
occurring in them. 


* ihi>h i>- 30;j, isoi. 

■ Ibnl^ |). R01-. 

raliK'f)ntuLT:ij,l,U-a, XXX, 1, j., 117, ISHR. 

* I'osyil niniils, Vol. I. p. 1S7. 

'>09 p. :u\:i 
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Alvkolixa sp. 

The sections of the limestone exhibil bojli the loiiiy'itudinjil and 
the transverse views of an Ah'coliua. AeeordiiiL;’ to d’Areliiae and 
Ilairne throe species of Alci^uliud are found in llui nunnnulitie rocks 
of India and of them A, oroi/l'Ut (FOrh occurs in the Khasi hill 
nnmrniilitic beds. * The species was also described bv Carter “ 
and from a comparison of rny sections with tlie previously published 
descriptions and fij^urcs of //. it may be safely concluded 

that the fossil found by nn‘. is not identical witli A. nrol,]/,/ tVOrh, 

The Khasi hill specimens may bo compared with A. nrhi, A\)v\) ■’ 

and A» Ovulvjn^ Stacb, ^ but as no eomplett^ test is availabli', it i^ 

advisable not to risk any specific idcntiliealion. 

( J l J 1 N Q 1 1 K KO C r L I X Asp. 

The limestone also shows few sections of a M ilinJu bolb transvei’se 
and longitudinal. Though on account of the absiuiec rj* the test 
nothing definite can be said about the eharaeters of the specit's^ I 
tViink that tin; transverse sections are «|niie ch-ar iiKlieating the 
geniu'ic characters of the fossils whi(!h are ifd'erahh* to 
( I'liiKf. 

TKiLorrr.iXA s[). 

Though a large number of (he .]fil is to be iiududed within 
the genus Quinqiirfarnlina, still tlu're are a few whloli show hy theii’ 
characters that they belong to the genus TnAa'fAi/i'f, 


Ti:x rrLAiMA s[). 1. 

The species is represented only by mieroscopi(5 sections. The 
test is composed of six chambers, three on eaeh side, d'lio last two 
chambers are transversely elongati'd ami the others ar(‘ more or less 
rounded. The chambers on the two rows are fairly of the same sizo^ 
(he suture line is Ilexuous wJiile the test is obtuse heln’ml and truncate 
in front. Greatest width =,’18 ram. and leaigth mm. 

^ Op. cif., p. 303. 

* Journ, Bomb. Branch Asiat. Soc., Vol. V, p. 13 1', pi. 11, li'j. 17. iS.ia, 

" Op, cit.^ p. 31'S. 

‘ I’alaooiitonri-apliion, XXX, I, p. Do. 
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Tkxtulajua sp. 2 . 

Tliis spceie?^^ like the preec(]ini 2 : one, is represented by sections. 
The test is composed of ei^'ht ehnmhcrs, four on each side and the 
chambers on the two sides of the suture dilTer very markedly as 
rei^ards si/e. 'riie suture is flexiious, the larger chambers are 
transversely elongat(‘d while the smaller chambers are more or less 
roumle(l. Width at tlu' base —‘]:l mm. and len^'fli —*21 mm. 

OuTHOiMi UAcniiN \ i:)isinNSA, Sow (Pi.atks iv axd v). 

The species was created \)y Sowerby from materials obtained from 
Cut eh and was named as L//ro////oris (lifipaiim, ’ C^artcu* found out 
that it was a ty])e of Orljifoldc'^ ami rcconhul its occurrence also in 
Sind, and Arabia. - xVccordin^ to d’Archiae and ITaime the fossil 
is also found in Ihiluchistan and the Punjab. ■’ Tliis fossil was also 
delected ainoni:;' the eocem* fossils of (he northern Alps while 
Medlieott and Blanford have menti-med the occurrence of this fossil 

in tlui eocene beds of Surat *’ and in the Klrthar liods of Sind 

which are luteti.in in ai;'e and with wliicli the Khasi hill beds 
show a L^reat similarity as already immtioned. Dr. ^ erlieek 

detected the presence of this fossil in the tertiary rocks of Java ■ 

wliile the same author and Fennema in Iheii’ important work 
dealing; with the i 4 ’eo!oy:y of dava and Madoura i^ave a dotailiHl 
description of the fossil with a few beautiful liujures. It ap])eai's 
from a (Communication jiublished by Newton and Holland dealinjj; 
witli the tertiary foraminifera of Borneo lliat 0. (Jispanstr was recorded 
from the eocene beds of Borneo as early as 1882, thonijjh, in the^ 
limestones observed by the authors themselves, this species was not 
found to be present. '' A number of eocene foramlniferal limostono 
from Sinai was descrilied by (Chapman who detected 0. in 

* I’rjuis. Soc. IjorultMi, S.-r, II, Vol. V, pi. Ill, p 1^27, pi. -!■, H', 1*’ 

18-10. 

■’ Join’ll, noiiil). Hr H.A.S., Vol V' p. I:i0, I.S.‘)7. 

•' ()i>, r//., p. oea. 

* Abh. bayL’i', Akiul. 'A'iss. inallnpbysik Classo Hd. S, p. 701, 1808. 

Urology of India, pt. 1, p. J 10, 1870. 

r//., )». 'AO. 

' Niiturk. lidjschr, v. Nrd-Ind., Vol. M., pp liiO I2t, 1802. 

" Dcscn])tu)u goologupw do Java (‘t Maibaiiva, jip. 1178 1171, ISOb. 

•' AiiM i\Iag. Nat. IpHt., 7i.l! sor., Vol. Ill, pp. 2‘l.j-2b 1, 1800. 
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some of them and aecordini^ to whom O. diJiihula^ Sehwai^('r from 
the Libyan and the Mokattam series of KuTpt is identical with 
(). (lisjjansd. ^ A. Martelli has mentioned tin* ooeiirrenoe of 

0. dispdusa in tlie Paris! in lieds of the islets of Paros and Anti- 
paros. “ A few eocene limestones obtained from K,uypt wore 
described by Chapman who detected 0. (Uspama in them and found 
it oceiiiTinj; in the Paharia oasis, ' whiles in the same year A. 
.\[artelli recorded the occurrence uf this fossil in the eocene rocks of 
S{)alato in Dalmatia and distinguished th(‘ forms A and B. ‘ Later 
on, Prever found this fossil at Leonessa in theeentral A})pennii\e 
chain. 0, cj\ (linpum^d has been noted Viy Deprat ainoicj; the 

eocene fossils of New-Caledonia. '' This short sketch chives us an 
idea about tlie g'eoiijrapliical distribution of O. ili.siHhfStt ^ Sow and 
the occurrence of this fossil in the nummulitie roeks of the Khasi 
hills is not snrprisiiuj; in the least. The fossil is very minute in size 
and I succeeded in i^eltin^' a section showim^^ the eharact eristic's of 
tlie fossil fairly well leavin*^' no room to doubt its identiheat ion. 

Diameter = :v'<> mm. 

Oin'lIOlMlWAOMlNA lULMVXS, d’aUcIIT AC (PtATK Vl). 

This fossil was at first deserihed as OrhiUdilrs ruilhfifs hy 
d' Archiac. ^ It, however, underwent a revision at the hands of 
tliimhel who stinlied the internal strueture <>f the lest, found out it-> 
(rue nature and ^ave a full description of the species, Urhifniiltw 
lie was followed by Scblumber^er whose description 
of the species ^ ai^rees, in the main, Avith that of (liimhel. Two 
of tlie sections of the Khasi Iiill nummulitie limestone shows the 
pi'c-enee of a species of Orf hophi'mjh)} dd «piite different from 

0. (liyjdd.sd and, thon^di only a very scanty material is available for 
-udy, I have no hesitation in identifyim^ it as O. rdihdds. T failed 

(tool. Doc., JV, Vol, Vll, |.p. :t()S-:D(», lUoo. 

Boll. Hoc, (tool, ital., Vol. \X, p. US, Ii»?U. 

(tool. Mag. Doc. IV, Vol. l\,.p. U'2, 190*J 

Pal. ital, Vol. VIll, pp. SB-St, 190*J. 

Atti d. 1?. Aocad di Torino XL, pp. o/ LoTo, IlKlo. 

Ball. Hoc. (l(‘ol. Prance .ser. 1, Vol. V, p. .“iOo lUo.j. 

Mom. d(' la .soc. (tool. Franco .sor, 2, Vol. Ill, p. tOo. is,‘i0. 

Al)l\. d. k. Layer. Akad. d. WiiisoosoU. Bd. X. pp. 797 709, lS7o. 

Bull. Soc, itool. Franco Hor. L Vol. IV, pp, LCLMCI, 190^. 

.) 
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to lind out any trace of the exterior of the test. This exterior is 
very characteristic, but the median chambers of the species are also 
peculiar in being very closely packed and the individual rows of these 
chambers have a marked zigzag arrangement ' durch ungemein 
haiifiges Einsetzen neuer nnd diirchdas Auskeilen besteheiider Cyelen.^ 
Sehliimberger also found this character to be a very constant one 
and he has described it thus : — 

la suite, on voit deux ou trois cycles reguliers, circulaires, puis 
leurs parois exterieures se gondolent, s^ arretent parfois brusquement 
sans fairc un tour eomplct, dualities viennent se superposer, il se 
forme de petits secteurs qui s’ intercalent et, il en resiilte un ensemble, 
souvent ties eonfus, de loges de toutes dimensions.’ It may be 
added that according to Schlumberger this species has been found at 
Mokkatam where, as it has already been mentioned, 0. dispanm 
also occurs. 



EXPLANATION OP PLATES. 

Plate T — Lithothamnion granclis, n. sp. 

„ II— Lithothamnion ijramlis, n. sp. 

,, III — Lithothamnion eherrapunji-ensis, n. sp. 
,, IV — Orthophragmina dispansa, Sow. 

„ V — Orthophragraina clispausa, Sow. 

„ AM — Orthophragmina radians, d^Aicdiiae. 


All the ligures are maguiiied. 
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Notes on Pentatrichomonas Canis auri N. SP., 
Found in caecal contents of an Indian Jackal 
(Canis aureus), its cultivation in vitro 
and its method of multiplication. 

(With one plate illustrating the paper.) 

By 

G. C. Chaiterjes, M.B., Harendranath Roy, M.Sc., 

AND 

A. N. Mttra, B.Sc., M.B. 

Pentatrichonjionas has up to now been found only in the human 
intestines and that only by a limited number of observers: Oerrien 
and Aynaud, who describe it under the name of Hexamastix 
Ardin-Delteili having found it in Algeria, Chatterjee who discovered 
it in India, Haughwout and Deleon at Manilla, and Kofoid and 
Swezy in America. Most of the observers agree as to its property 
of pathogenesis to man, which Trichomonas does not possess. For 
this and for certain other reasons Kofoid and Swezy as well as 
Castallani have considered Pentatrichomonas a distinct genus, 
Fonseca adopted f'hatterjee^s generic name Pentatrichomonas, of 
which Pentairichomonais Ardin-Delkili is a species found in man. 
For this reason, if not for any other, the discovery of Pentatricho- 
monas in a carnivore i.s of great importance. 

Materials tor observation. 

On examination of the caeca! contents of a jackal, accidentally 
lulled, numerous trichomonads were found, which on further examina- 
ti<»n of stained films proved to belong to Pentatrichomonas. As 
Pentatrichomonas has never been found outside human beings, this 
organism was subjected to a further study by making several prepara- 
tions from caeca] contents as well as from materials pressed out 
from caecal crypts after washing the mucus membrane with normal 
Cultures were also made in normal saline to which a little 
pv^ptone was added, this proving to be a very good culture medium 
tljfk organism in comparison witl\ any other culture medium. 
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Examination of living organism. 

On examination of a hanging drop preparation of the caecal 
contents or of the culture the organisms were found to have a 
movement like that of an ordinary Trichomonas. 

The organism remained confined to the bottom of the culture 
tube, this phenomenon being due more to geotropic action of which 
we got abundant proofs. If the capillary tubing in which culture 
is made is allowed to stand on the se.aled end containing no air 
bubbles, the growth is eoniined to this lower end. If the upper 
open end be sealed and the position be reversed, allowing a bubble 
of air to remain at the bottom end, the growth remains also coiitined 
to this end. 

Examination of stainp:d films. 

Though several specimens were stained by iron haematoxylin, 
after fixing in the moist state, most of our deductions were madt^ 
from films stained by the modified Ijeishmau stain, as by tlii;: 
differential stain all the organelles were brought out mueli mon> 
clearly than by iron haernatoxylin, the fixation being moreover 
done much more quickly, a distinct advantage. 

Smeahs from the contents of caecum. 

Most of them appear like that shown in figure 1 of our plate 
to be adult forms, in which tliere is a massive nucleus and a numljM 
of basal granules agglomerated into a lump from which originat<- 
five anteriorly directed llagella arranged in one cluster. The sixfli 
flagellum forms the border of the undulating membrane U]) to tie* 
posterior end wh(‘re it becomes free. There is a chromatic lii < 
forming the base of the undulating membrane, Eesidos, there is a a 
axostyle originating from the basal granules, passing through ihi' 
nucleus and beeoniing free at the posterior end. It takes tla' 
chromatic stain without any difficulfy and is often composed o! a 
single fine chromatic line. A line corresponding to the parabasal 
found in this Pentatrichomonas. (See Eig. 7.) 

S EAR FROM PRESSED OUT CONTENTS OF CRYPTS. 

In this several organisms in different developmental sfagfs 
found besides the adult ones. Some are in the plasmodial 
with a chroma *c line lining a border. Some in which 
marginal chromatic line has formed itself into a curve bounding 
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undulating membrano without differentiation into llagella. In others 
again it has differentiated itself into an undulating membrane and 
a single flagellum which has not broken up into six flagella. No 
dividing forms, much less a somatella, was ever found. 

Culture stained films from ci-lture. 

Besides the organisms found in the caecal contents, numerous 
very large organisms p jssessing all the characteristics of an adult 
Peutatrichomonas were found as well as numerous very minute forms 
possessing all the organelles of adult one. In no case any divi- 
sional form was ever seen, much loss the Somatella form. As Penta- 
trichomonas has only been found in human beings (Chatterji, Ray- 
naud Derrieu), this species is evidently a new one. The liuman one 
luiving been designated Pentatrichomonas bengaicnsis by Chatterji 
and P. Aulin-Delteili by iMUjseca the present form is named by us 
Pentatrichomonas Can is auri. 

CoNCLUvStON. 

A new species of Pentatrichomonas has been found in the jackal. 
It has been cultivated in vitro, IVe have failed to observe its method 
of n)ultiplication eitlier by binary or by multiple fission. 

'the Mvo free flagella in this species arc not arranged in two 
groups as Kofoid and Swezy describe in P. Ardiii-Delteili, but in a 
single bunch directed forward. In Peiitatrieliomonas the axostyle is 
composed of two linear structures, whereas in this Pentatrichomonas 
it is composed of a single linear structure. 

Por the reasons mentioned above it can be safedy cotisidered to he 
a species distinct from the one found in man and may therefore bear 
the specific name of Pentatrichomonas (^anis auri. 

Description of plate. 

The specimen was one taken from a week^s culture of Pentatri- 
s homonas. All figures are drawn with camera lucida and stained in 
modified Leishman stain, x^lSOO. 

^^^igs. 1 to 8 represent adult organisms showing 5 free flagella 

originating from a group of basal 
granules, the sixth flagellum is seen 
bordering the undulating membrane. 

„ 9 & 10 „ rounded forms with numerous chromatic 

granules, Chr, g. are chromatic granules, 
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Figs. 11 to 18 represent the pksmodinm stages. 

„ 14 & 15 „ the flagella are formed, but not different 

tiated. 

„ 16 „ the flagella differentiated. 

„ 17 to 20 „ minute organisms with 6 free flagella. 

In fig, 7, n the nuclens. 

a the axost} le. 

{) the parabasal, 
u the undulating membrane. 

Chr. b the chromatic base, 
b the basal granules. 

I to V the free flagella. 

VI the bordering flagellum. 
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A Note on the Method of Multiplication of 
Trichomonad Flagellates of Different 
Species in Artificial Culture. 


(1. CiiA ri KK.i 1 : 1 :. 

ria,vini^ observed that the melluxl of niiili i plication ol* db'ieho- 
Mionad Flai'-ellates ol' dilTenoif species ililVers from that liitlierto 
.:cK*,ribed, 1 have thuui^bt- il advisable fo piiblisli iny observations 
on it. 

\I /nr ol'St'i'rttf it);) : 

1. Tnc/iuninihjs fri/iii intestine of (n‘cbo, 

’1- ,, ,, b nisei’s \ i|a*!. 

d. ,, ,, from I'roo, 

'!■ ,, ,, „ bousc-lizard. 

o. Prnftth'i <‘/i(hi/ni/(is from intestine of man. 

As the imdiiods of mull i[>lieiition oj' all tin' specie:- obo*rve(i 
o\ me ao'ico in all material points ammo ihemselvi'^, there is no 
'i;{‘.e>sity fen* me to describe eaeli of them s(‘[)aratel v. 

Mciltnd (// nJjsri i'n( i()/i : 

The 1 ri(diomomis alun^ with iiiteslinai contents were pla(?ed in a 
•* fpillary t ube containiiiLi' normal saline, to wbieh a small ({uantity 
•') ha(mio(rl<.»])in ised human blood was adih d. As in all tliese species 
oo Nvth took plaei' easily and could be snbeullnred indelinitely (e\eepl 
'• easi' of tln^ Imman one, wdiieb lived tor -20 days only), abundant 
-loeiial was obtained for ob-ervation . In making’ stained lilms, tin* 

■ 'ndiaimm toxy lit! mctliod, a*tcr wet lixat.'on, was n.-t d ; but the 
■ ' 'htled Ij(nsiuaan stain, alter dr\ tlxin^’, uas lumul [U’elerable, as by 
i'.e .ptino- tliis method not only ^icater rapiility ot work was seemed, 
also differential staining of different oro^atielles was obtained 
b.iout loss of their ebaracter. This ^ave au advantae:e which could 
he had wdth iron-haematoxvlin. 
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('h(ir,vfcrs of the Grotofh : 

As a rule, muUiplieation took place afc the bottom of the tube. 
Jt was found that it liad nolhini;' to do willi the ori^anisms beint^ 
anaerobic as was siu^iLi^'Os+ed bv CfiA'rrox^ as when a droplet of air 
was left at the i)ottoin oi the tube, jrrowlh took place as abundantly 
as when tlicro was no air. besides, it has ‘i^ot nothing to do with 
toe presen(*e of bacteria. (Ciiaitox). Another point noticed is the 
cyclic growth : at times th<‘rt‘ is a meagre growth, at another time 
the g^()^vt:h was intensive. Idn’s again was not found to have 
anv (‘onneetion with tlu‘ C(>m[)Osit ion of the cnltiire medium. Thi^ 
intensive growth is always jissociatt' 1 with the proseneo of a large 
number of giaiit-sized organisms mix(‘.d with numerous very minute 
forms in various stages of d(‘velopinenl . 

Sfaineil Jilws : 

An idea, of tin' morphological character.- of the organisms foumi 
in the culture will be best obtained, if I describe them under ili" 
following lieads : — 

1. Fi'llf/ (li'rch^ped fonn, — (Plate Figs. 11 and 1’2), as found i • 
intestinal contents of animals ; it has a pear-shaped elongated b(»d\ 
in the anterior end is the nuchuis which does not present any spec- 'i 
('haracler ; as a rule, it is massive in slruelure. In front, of it lie- 
granules arise in dellnite number. From these arise the anterior \\ 
llagelia, three in number iu 7>o7/o///v//f0v and live in Vcnlairichumo,, 
one attaclicd ilagellum forming the border of the undulaliu •' 
membrane and a line chromalie bin* (jiaraliasal), not always presru . 
along the border, ending near the po.-lerior eml of (he organism n-. i 
forming a short curve. x\n axostyle is found originating from i-'- 
basal granules and ending in tin* [)<>sterior end; it is a brightly stniu- 
ing chromatic lim* ; sornetirms there are two in mimher {lUu< , 
found four in Trirffn>, founts r^nji ,hifis)^ never a Indiow tube contain; '..' 
cliromat ic dots {knfiud and the cn toplasnj of the organi -e 

is olten lull ol chroinatie <lots which have nothing to do with nuol :n 
division. 1 nese arc* the initoclnjudria, whose nature ha.s not as 
})een ex])lained. ^ihey do not come out by the iron-haeniotox) on 
stain. 

(naat-sizecl or^joiusni, — Giant-sized organisms, length 
breadth haviiifr all tjie organelles of the typical organistn exi. 'p; 
file undulating ir.emliane (see Plate Cijrs. IG and 17). Mitochoi. 
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are found in lari^e numbers. A single nucleus is found, ])ut it shows 
no evidence of multiplication. It is, as a rule, dcficituit in chromatin. 

Trickomastix form — (Plate Fi^. 14.) Hi^ organisms taking 
intense staining as a rule, free from mitochondria and showing a 
single nucleus, four free ilagella, one being a trailing one, and a well- 
.stained axostyle, which is curved an l not a straight rod. 

4. Small adall forms . — (Plate Figs. 8, 9, It) and 15 and Text 
Pigs. 14 and 15). Having all the characteristics of the adults with a 
straight axostyh? protruding well out of the posterior end and possess- 
ing all the organelles of adult ones. There are three anterior free 
tlagella and a fully developed undulating menihrane. Size varying 
from ii to 4/x, in length, l‘5/x in breadth. 

5. Developmental forms — Numerous types of developmental 
forms are found in intense growths, {a) Plasmodium forms sliowinga 
brightly stained nucleus (Plate Fig. I, 4// and text llgures Nos. 1 
to 8 and 10 to l;i), a chromatic line originating from the nucleus 
without the intervention of basal granules forming the marginal 
border; another chromatic line, axile in position (axostyle) originat- 
ing from the nucleus [Plate Fig. OJ. 

0. Other developmental stages . — The marginal liiui forniKS a 
loop — a stage in the formation of the undulating membrane (Plate 
Pigs. 2 and 4^i). 

The next stage . — In this the marginal chromatic line has 
differentiated into three flagella and an attached flagellum. 

Conjugating f n't ms («?). — Two specimens were found, as depicted 
in Pigs, 18 and 19, in which one of the Ilagella of the giant 
organism was found continuous with the ilagellmn of a minute 
organism, 
thscassion : 

In hanging drop specimens of the bottom portions of the culture 
^ome of the giant-sized organisms were found to be very granular. 
The giant ones being very active, it it very difficult to observe thorn for 
^uy length of time ; but in many of them are found small plasmodium- 
Hke organisms attached to th'e pointed free end of the axostyle. 
'fhey give the impression ol minute gemmules (Plasmodium forms 

in Fig. 1) coming out of the giant organisms. This seems to 
the ordinary method of multiplication of Trichomonas organisms 
vitro; and this impression is confirmed by the appearance seen in 
"tallied films made of material from the hanging drop, where this 
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phenomenon was observed. Ninnerons devcdopmeiital forms found 
at diffiu’ent siaj^es of development also sn])port this view. 
(Cultures from different types of Tnchoniovas^ of which I have six, 
carried on for nearly 0 years, in eaeli of whieh 1 found the same 
phenomenon as depicted in this paper, leave no doubt in my mind that 
this is the ordinary method of multiplication. If multiplication of ;i 
TrirIiomo)uifi takes [dace onlj^ by binary fission or by somatella 
(havinjjj component parts, each posse.«sing at the time of division, 
most of the organelles of a fully developed organism, namely a 
nucleus, an axostyle, three free and one attached llagellum as 
observed and described by Kofoid and Sweezey, Reuling and Doff- 
Icin and other observers), it is difficult to ex[)lain the presence in 
my specimens of numerous plasmodia and other similar form-: 
possessing none of those organelles of a Trichomonad llagellate. 

A word of explanation is necessary regarding what takes plafM‘ 
under conditions [irevailing in the int(‘stine. Examination of stained 
films made directly from the intestine shows only the adult forms — 
no giant forms or minute forms or dovelopnn'ntal forms are seen, 
III one case only-* in a li/ard — a few developimmlal forms were sem 
in specimens made directly from intestinal contents. When a cuUuic 
is made of Ihiehomonas from intestinal (jontimls, after two or tlim 
days multiplication takes place, but at first it goes on very slowI\ 
In stained films from it only fully deveIo[)ed, but no develojnnent i! 
forms are seen. Suddenly intensive growth takes place ami 
that after tin; fourth day or so, and with this the giant un-.^ 
mixed witli minute forms appear. This to me suggests a tenia- 
live theory, namely that somewhere in tlie inti‘stina] crypts inultij)liLM 
tion by gemmules se[)arating from giant organisms goes on, on lino 
seen in culture in vitro, possibly by gainetogenesis ; these eome uni 
from the (crypts and form the adult ones, and these are the one- 
which we find in intestinal contents, the developmental forin^^ 
escaping detection. 

Irichoui'isli.r .stn'penhs JJoljcU ov possibly a dovelo|)mental form ol 
a Tnchomomis, 

Summar/j : 

Multi[)lica( ion take.s filace in artificial culture bv gernmule? 
coming out from actively moving giant organisms. 
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IkHcripfioua of pi a . 

Films were made by modified Leishman’s stain and fij^iires were 
drawn with eamera lueida, with th oil immersion. 

Fii»\ 1. — a plasmodium form — a nucleus is only seen. 

Fig. 2. — a plasmodium form : in this a chromatic*, line origi- 
nating from the nucleus forming a loop, which becomes differen- 
tiated into the undulating membrane and free llagella. 

Fig. — a plasmodium form — the chromatic line is still intra- 
cytoplasm ic. 

Fig. 4. — a plasmodium form — from the anterior end of the 
nucleus is seen the chromatic line which forms one boundary of the 
cell from the [)osterior and is .<een originating the axostylc. 

Fig. T). — Same as 8. 

Fig, — Same as 3 and 4, except a little more developed and 

a few niitoehoudria are seen. 

Fig. 54, — Do. do. do. 

Fig. 5^. — The chromatic lino is differentiated into the 
undulating membrane and a single thick llagellum which becomes 
differentiated into three flagella. 

Fig. (). — Same as big. 4, exeept that it contains a few mito- 
chondria. 

Fig. 7. — More developed .stage than Kig. 54. 

Figs. 8, 9, 10 and 15. Small adult forms with all the organelles. 

Figs. 11. A fully developed adult form with numerous 
mitochondria. 

Figs. 13 and 1 I- A Trichoinastix form with e .rved axostvle. 

Figs. 16 and 17 A Trichoinastix form with numerous brightly 
stained mitochondria. 

Fig. 18 A conjugating form one of the flagella ol the 
giant organisms is seen continuous with that ol a small organism. 

Fig, 19 Two minute ' organisms are seen attached to a giant 
one. 


U e/ereiicen : 

Ko^ofdy S. A, (iikI Swrezf/, 0 . — ATitosis and multiple fission of 



20 


Vr. C. CHATTEHJKE 


Trichomoiiad ilagellates, Proceedings ot' the American Academy of 
Arts and Science, I0i5, Vol. 51, p. 289. 

2. DobelL Clifford^ — Trlc/iomastix narpeidis n. sp., Quarterly 
Journal of Microscopic Science, Vol. 61, 1907. 

3. Bo/jd, ]iL F, — Observations upon Trichomonas iniesiinalu in 
vitro, Journal of Parasitology, Vol. V, p. 19. 

3. ^diattouy Fj, — Culture indelinie d^un Trichomonas intestinal du 
cobaye, essais de puriiication, action morphogcne des milieux sur la 
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Notes on the Occurrence of Ovaries in the 
Worker of Myrmicaria brunnea Saunders. 

(Read before the Thirteenth Session of the Indian Science, 
Coni^ress, held at Bombay, 19^16.) 

BY 

Du ini ADAS Mukeiukk, M.Su. 

fje(‘l(trer-iH-rltarf/(> of ^oo/op//, CoIcuUa ( uirerHiltf, 

It is known that in the winded female of ants the reproductive 
system in general consists of a pair of ovaries having a number of 
ovarioles opening into oviducts. The pair of oviducts unite to form 
the uterus with which the receptaculum seminis is connected by a 
narrow duct. The uterus opens behind into the vagina, on the dorsal 
surface of which the copulatory pouch is situated. 

The ovaries in the worker, while conforming to the same plan of 
organisation, are more sirnjde and characterised by the possession of a 
fewer number of ovarioles, the receptaculum seminis being present or 
absent. The number of ovarioles in the worker of several European 
and American species was determined by Alderz, Bickford and Holli- 
day and was found varyinji'^ in different sj)ecies or even among 
individuals of the same species.’ Sometimes the ovarioles were 
found wanting, and in a limited number of specimens examined by 
Holliday the ovaries were absent.* But Wheeler doubts the complete 
disappearance of ovaries in the worker of any of the Formieidae, As 


Wheeler, Ants, 1910, p. 39-40. 

Holliday. A Study of Some Ergatogynic Ants. Zool. Jahrb. Abt. Syst., Vol. 
XtX. pp. 293.328, 1904. 
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in a fow cases the workers are supposed by myrmeeologists to lay 
eggs capable of development, the knowledge of the condition of 
ovaries in the worker becomes of especial interest. Again, the 
reproductive power of the worker is held by Alderz to be dependent on 
the presence of a receptaculiim seminis irrespective of the reduced 
number of ovarioles, whereas, according to Holliday, the condition of 
the ovaries and not the presence of a receptacillurn seminis determines 
the functioning power of the ovaries. 

However, as the occurrence of ovaries in the worker of Indian 
species is not known, attempt is here made to investigate whether 
ovaries are present in all of the workers of some species common in 
Calcutta and if so, in what state they exist. 

For dissection Mtjrmicaria hrvnnea was chosen on account of its 
comparatively large size and of being found throughout the year in 
one and the same nest. Further, the presence of winged forms of 
females in the same colony simplified the problem of the role played 
by tht‘ir workers in the production of eggs. A small number of 
workers ol M. Innnnoa from the same colony was examined from 
time to time throughout the year. Only in three or four out of 
nearly a hundred sjieeimens examined the existence of ovaries was 
detected. Of these, one examined in June revealed the presence of 
ovaries of comparatively large size, while others at the same time 
showed none. Again in September, in a single specimen, ovaries of 
smaller size wer«‘ found. It is also (piite possible that in some the 
ovaries escaped attention due to their minute size. None of the 
workers revealed the presence of a receptaculum seminis. A description 
of the ovaries found is given below. 

The ovaries of the worker examined in June consist of a pair of 
ovarioles together with a pair of well developed oviducts, the length 
of the oviducts ai)proxiinately being O S mm. (Fig. I). The oviducts 
were unsymmetrical, one side being spherical (Fig. I, h), while tlu‘ 
other is more or less ellipsoidal in shajie and twice as long as wide. 
By the union of the oviducts at their posterior ends a common 
passage was formed (Fig. I, c). A single ovariole opened into the 
apex of each oviduct (Fig. I, «). The ovariole was one and a half times 
longer than the oviduct, of uniform diameter, but was tapering at its 
extremity, the maximum width being *045 mm. The tubule and th(‘ 
oviduct on boili sides contained immature eggs, and not a single eirg 
was found in the mt^‘ure condition. 
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The ovaries in the worker examined in September were about three 
times smaller than those of the previous one (Fig. II). The oviducts 
were very small in size and oval in shape (Fig. II, h). The tubule 
was proportionately large, being three times the length of the 
oviduct (Fig. II, a). The tubule was narrow, loii^ and straight, its 
width being about *03 mni. The transition from the oviduct to the 
tubule was not very well marked, the one gradually passing into the 
other. At the junction of the ovariole with the oviduct, a tubular 
projection was seen, probably only reprosetiling the accidentally cut 
end of another tubule. In the ovaries mature eggs were not found. 

It is evident from the above that in the majority of the workers 
ovaries are absent, the queen being the functional female. 

In this connection a few workers of CampomUiH Sima 

rnfomgra and Diacamma vagans were also examined and no ovaries 
were found in them. 

It is interesting to note that, though tlie workers of D, vagam are 
supposed to lay eggs, its female winged form being unknown, no 
eggs or ovaries could be found in specimens so far examined. But 
the occurrence of ovaries in the worker of d/. hrntinea points to the 
possible existence of such in a few cases and these demand further 
investigation. 
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EXPLANATION OP FIGURES. 

Fig. I represents the ovaries of the worker examined in ‘Septem- 
ber. Eggs are shown only on the left side. 

Fig. II represents the ovaries of the worker examined in June. 

a — Ovariole. 
b — Oviduct. 
c — Common duct. 
d — Portion of a Tubule. 







Flora of the Salt^Lakes. 


INTi:t)l)l'CTI()N. 

Excursions to the Salt-lnkt's in the i2l-Parganas, Lower 
liengal, made during the year IlhJI aiiil suggested to me the 

idea of writijig a moriogr.iph on the algal llora of the Indian Bait- 
hikes. With this in vic'w 1 made, in -hinnary, 1924, a small 
eollection of algae growing in the Bait-lakes at Enuur near Madras, 
hi March 1924, the late Dr. N. Annandale, the. Director of the 
Zoological Biirvey of India, was kind (-nongh to ask me to accom- 
[lany him to the Chilka Taike, where f slopped with him for a W'cek 
lie Berknda Island. 'I'his gave me an opportunity of studying the 
Mgetation of the Inkig and with his help I W'as able to make a 
I'ollection of algae growing in I lie lake as well as on the islands of 
the lake. Moreover, during the years 1922 and 1923 Dr. Annan- 
ilale sent material to Hr. P. Piriilil, tlie [tniversity Professor of 
holany, under w'hose guidance I am doing ri'soarch work. This 
eollection is now lieing werkcd out and the result of the invi'stiga- 
lion will be published in a separate paper. 

During the years 1921 to 1925 I paid frequent visits to the 
Bait-lakes and collected specinums from dilTerent parts of the lakes 
lit different seasons of the year. 

The different stations’ selected by me for my collections 
'ii'ti (i) the Dhappa Toll Office, (it) Mohesliathan, (Hi) Hadia, 
hO Anandapur, (v) Krishnapnr Bheri, (ri) \o9''m.'i Bheri. 

These saline sw'ampy lands arc chiefly inhahitod by Bengali 
Lliermcn. have built their thatched huts on comparatively 
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raised plots of land within the Bait-lakes. They take lease of these 
lakes and tlieir sul)sistcncc mainly depends on pisciculture. Plate 
II shows the nature of the huts and type of people living in the 
Bait-lake region. 


CHAPTEll r. 

(lEOGRAPHV OK THK. LaKES. 

(i) Their Position and Character. 

The Salt-lakes are formed of a considerable numljer of de- 
pressions tilled with saline water and surrounded by, or alternatiii;,' 
Avitb, extensive stretches of marshy lands. They are situatt'd 
south-east of Calcutta, in the district of 24-Parganas in Lower 
Bengal, covering an appreciable part of the Oangetic Delta, whicli 
is intersected by a network of rivers, shallow channels and creek... 
4'he precise geographical position of the lakes is between 22°27' 
and 22° 36' N., and longitudes 88°2P and 88°30' E. 

The boundaries of the Salt-lakes are not ipiite clear cut, be- 
cause some of the portions of the lakes arc being graduall) 
converted into cultivated land ; but approximately they are boundeil 
on the north by the Kristoporc Canal, on the South by the Tolk\ ^ 
Nala, on the East by the Kristopore Canal and the Bidyadhari 
river and on the West by the Rasti'rn Bengal railway line to Poll 
Canning. The map (Plate I) attaclual io this jiaper will show llif 
exact position and boundary of the lakes. 


(ii) Their Diri.sions. 

The Bait-lake area is mainly divided into two almost erpinl 
parts, a Northern and a Southern part, by the “ New-cut Canal,’ 
and the “ Central Lake Channel.” The Northern lake is boundol 
on the North and East by Kristopore Canal and on the South aii<l 
West by the New-cut Canal and the Central Lake Channel, The 
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Southern lake is hounded by the Central Lake Channel and the 
Bidyadliari river on the hiorth and Laist, the Tolly’s Nala on the 
South and the village of (.fharia and the Eastern Bengal Bailway 
line to Poi’t Canniiig on the W cst. Both of these lakes are further 
subdivided into smaller areas Idled with salt uater and surrounded 
l)y small narrow mud bunds as shown in the map (Plate I). 


(Hi) General Fealtircs of the Lakes. 

“ The western portion of this lake above i)ha2)pa is open and 
fairly free from jungle. It is a swamp more or less divided into 
shallow tanks by small embanknumts on the edges of the little 
i>hals. These tanks oi' bhjis are sometimes open; the greater por- 
tion of this lake is let out for lishing. The small embankments 
nd'erred to have been made for fishing purpose. The water is 
allowed to till into the embanked portions with the rising tide. 
When the tide recedes, nets or fishing boxes of baiidioo are fixed at 
the outlets to catch the fish as they go otd with the falling w’ater. 
J'oinetimcs btinds are thrown across the entrances to the embanked 
ureas, and the fish are kept as jrrisoners until it suits the con- 
\cinence of the lessee of the fishery to catch them.” (J) 

Plate II is an illustration to the above statements. 


(it)) Water Supply of the Lakes. 

” The Southern siilt-lake is to a large extent open to a free 
tidal spill coming from the Matla, the Pcali and the Bidyadliari 
series of rivers and finally entering into the Central Lake Channel 
'U)d other Canals connected with it. There are hardly any mar- 
ttiiial embankments to the khals connecting the Southern lake. 
The Northern lake receives its sujijily of tidal water (Uitirely from 
the eastern Canal.* The principal Khals by which the tide enters 
ttiis lake are the Nowbhanga khal, the Paran Cliaprasi’s khal and 
the Hatgachia khal.” (I) 


^ lU- ilu* c.'isttTi) cnnal is meant the Central Lake Channel. 
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Tlicsc klials vary I'rorn lUO to ‘iyO It. in width <at their mouths, 
and the depths ot water have been round to be 3^ and 5 I'athoni,! 
at low water respectively. “ From tliese main khals there arc; 
endless I’aniilicalions of smaller eree.ks Iw wdiich the water is 
spread over the face oi' the swamp. I’he edges of these klials are 
somewhat raised, and in many ea,ses thcu’c arc small embankments 
12 or J!) inelu's hij;h along the banks ol’ them.”(i) 

Moreover, these salt-lakes are also indirectly fed by the sewage 
outlet coming from hiiilally and falling into the CcJitral Lake 
Channel between the J’aran Chaprasi’s khal and Bantola Ferry, 
The storm-water outlet starts from the ]mmj)ing station at Hali- 
ganj and falls into a khal near Bantola bVrry. Further down theii 
IS another khal known as the Baynala khal which carries a cou- 
siderable amount of dirt and silt and niec'ls ilu! Bidyadhari rivei 
at the village of Baynala. 


(v) Bofhm. 

The bottom of the lake.s is muddy in eonse(pience of tlie c(ai- 
stant deposition of layers of silt. Tiie mud is heavy and i.-- 
composed of a lather lenacious loam, mixed with a certain propor- 
tion of line sand chiracterislie of the creeks and canals in tin' 
Cangetic della. The colour of the mud is bluish grey due to llir 
presence of much humus. The surface of this mud is someliuKe 
covered with a thin coating of river slime. There, are'two distiiu:! 
layers, especially in I he flowing water of the canals and khals ; nii!' 
of these is 1lie layer of suspended parlicles of mud, and the other 
is the bottom layr'r. 'riie bottom layer remains [)rac.tica11y undiv 
turbed, while, the mud usually held in suspension is here a,nd llurc 
only deposited as a top stratum at some conurr where the watt'r i'^ 
stagnant. 

The lakes are noticeahlo for 'their entire absence of any 
phanerogamic plant rooting in the bottom stratum. This is dnf 
to light being unable to penetrate deeper down in tlie water, ov ut-' 
to the muddy condition of the wuiter, to tbe constant doposili(U) of 
silt at the bottom, to tbe salinity of tlie water, to the action ol’ (h" 
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tide ciiid tinally to the intliienee of liiimnn agency. But it is to be 
noted tJiat thiu’c is an abuudaiUHi oi algae, especially of Cyaiio- 
])ijyceae, and Dialoinaceae eitlun- l]'>ating or foniiing a thick 
deposit at tlic boitoni oi tlie lakes and shallow d(‘pressions or oji 
muddy soil of the swcdiips. '.riie bluegreen algae fre(|iiently stain 
[lie wat(n' bbtiish green. 


[ri) 

Th(^ wl]oI(^ oi the Kali-lakes, ('xec'.pL tlie (-aiials and some 
i:iig(n* khals ;ind nalas ar(‘ cs\e(‘(‘(jingl\ hiiallow. ddi(' av(‘rage 
depth of tiu'- lak(‘s \ari(‘s from one (o three' [(‘I'l. 


Mis ronv ov riin Marks. 

Tlie Ralt-lakes occuiiy, as has ahasady lieon said, a laigu' portion 
■ i tiK^ alluvial plain of Mo\\(‘r Ikanga!, liu' whoh'-of whicdi is a eoni- 
pirativelx’ i*('c('nt geologi(‘al formation, and the- jinaa'^s of (‘xlim- 
lon of that plain is luae going on l)eror(' oiir eyc's. 

{(i) Orlfjin. — Tli(‘, jin'siiii c(mditioii of th(' Sait-lakes suggests 
»l)at tliey were tlu' heal of some large dislrihiilai \ of Ww present 
Itiigly wliieh was likudvaal by sand l)anks dtg)osil(‘<| somewiani' in 
\\\v South, after having its oveiilow discharged into the Matla and 
ili(‘ Bidyadhari ri\e]’s. This lied together with the bhils situated 
iiiong the bank of the dead ywvv forms Avhat we eall tlu' Salt-!aJ;es, 
Aiiieli an' still fed h}' llu' tidal water coming front th(' ]^)idyadhari 
nnd the Matla rivers. Mv(‘n to-day W(‘ can see at low tidi' how 
'^oine parts of tlie morihund I^idyadliari river a. re thus being con- 
vi'ided into Bberis or Salt-lakes and marshes. 

(h) Past condUloa of the /u/re.s*. — Cajit. (land ?skn*iln s maj) 
1700 to 1701 shows (\vo distinct divisions, out' to tlie ('ast and 
Ike other to the west bisected liy an intervening cliamK'l (*onneeting 
The map fnrtlier shows that about a cenhirv ago no eom- 
fi^nnication whatever existed lietweeii tliese lakes and tlio Hngly. 
kite waiter snp])ly of^tbesc lakes was then entirely tidal, being 
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derived directly from the sea by a deep windiiif^ creek which llows 
from tlie most southerly point of the lake and joins itself with 
another Sundriban Canal. 

[c) Unhealthy state of the lakes. — The lakes were in fornici 
times a terrible nuisance to the town of Calcutta, and they were a 
dangerous place swarming with bacteria of many deadly diseases 
and people dwelling there at that time; were “ subject to constant 
low’ levers, spleen, dropsy and mesenteric diseases ; to new comers 
a residence of even a few days is almost sure to be fatal. ”(i) 

Duncan Stewarts’ evidence which was given during the Muni- 
cipal enquiry of 1836 runs as follows ; 

i\Ir. Cliarnock could not have chosen a more unheallli\ 
situation on all the liiu; of rivers, for three miles to the eastw'aid 
is a salt w’ater lake, which overflow s in Heptembor and October ami 
prodigious numbers of lish n^sorl there : but in November anh 
December when the fl(jods arc; dissipated, those fishes are left to 
die, and w'itb their putrefaction ad'ect the air with thick stinkiii;^ 
vapours which the North-east winds bring w’itb them to Fori 
William, so that a great yearly mortality is caused by them.” (/) 

Even to-day, in spit(> of the great impro\('ment elTecled in 
the.se parts during the last years, still the dying rivers and cn-ck.^ 
together with the swamps are a great menace to the town O 
Calcutta, and if precaution is nett taken at an early date, a single 
liood will expose the people of Calcutta to epitlemics. 

(d) I myroeement effected in the salt-lake region. — The ru'.d 
communication between the Salt-lakes and the river Hugly was 
elTected by Major W. Tolly by excavating a canal called after Ins 
name ” Tolly's nala ” under the terms of contract made with the 
Government in 1777. A second ciinal wiis opened during 1800 m 
1810 known as the Bolliagbatta Canal. A third w’as cut in 185v, 
called the New-cut Canal which joins the Central Lake Chanmi 
and finally the Bidyadhari river dividing the Salt-lakes into 
Northern and Southern divisions. Another canal, known as thr 
Circular Canal was oiiened in 18311. The sew'age and the storm- 
water outlets connected the Central Ijake Channel in 1833. In 100’ 
another canal was cut on the eastern side of the lake called Hn' 
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Kristopore canal, 'i'liis canal starts rrniu the New-cut (lanal at 
Sliambazar khal and cnimects the Jlhatif^ar Kata Klial at the 
villaj^e Sitalata on the South-eastern extremity of the lakes. [See 
map (Plate ).] 

(e) Area and change of position of the Jahcn . — The total area 
of the lakes is about 17,000 acres or about ‘20 sq. miles. They 
were originally at the foot of a ‘ mound ’ or ‘ tumulus ’ of about 
iiO ft. in height in the village of Ham Kissenpore, a mile from the 
high road leading to Duni Dum (/). This mound was raised up 
by Burmese Mug traders, and it served the purpose of anchoring 
their boats. But the lakes have now receded more than a mile 
from its former situation, and during the past years they have 
contracted considerably. 

(/) Land foDUdtion of the lakes. — 'I'hcsc swamps and the 
bottom of the lakes are gradually raised I)y (amstant deposition of 
>ill and are soon overgrown by Siiaedo warilliiHt. which is inter- 
s[>crsed at some places by ('ijnodon d'irtijjoii and Fimbristylis 
imiKliitea; these, act as sand binders in arresting the seeds of 
many littoral plants, chietly of Saada iiiaritiina, .Iriccmim 
i/h'c/' /!(///, S', Aainlhtis ilicifoJins and others wliich are carried 
a'\ay by the tide along with the silt and humus. The seeds, 
aller being deposited on muddy .soil, germinate and give rise to 
iiiiiiigrove formation. These littoral plants soon send out a net- 
work of suckers, from which develo[)s a regular assenddage of 
I'lieuniatophores, which help further in arresting the silt and thus 
raise the level of the land and give origin to the formation of regu- 
lar swamp foi'osts. The.se forests, in course of time, fire cut down 
hy fishermen and the land soon Ixmomes dry and (piite habitable. 

fTYimOGRAI’llY OF THE LaKFS. 

(?) Salinidij of the Water. 

The salinity of the water of the lakes is the mo.st important 
[''lajihic factor of the flora of the Salt-lake region. Profuse white 
'■Frustations of salt on the large area of the Salt-lake region during 
the hot months and alsu isolated patches of thick deposit of salt on 
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iilie bunds and embankments and dry parts of the lakes at otlier 
seasons indicate that the water oi the kikes contains a large per- 
centage of salt. (See Plate TIL) 

(ii) Level of the Lahes, 

In 1830 the average level of the northern salt lake wa< 
reported to be 0.0 mean sea level. In 1805, it had risen to 1.75 
mean sea level. In 1882, the levels wim'c sliown on a plan and i( 
was stated that ‘ In the lowest ])art of the lake the ground level is 
about 4.00 mean sea level.’ ” 

“ In 1913 furtlier levels of this lake Avere taken which slioAved 
that the lowest level in isolated small areas A\'as a little boloAv 4.0() 
mean sea level and that the general levd excluding village sites l:i\ 
betAveen 4.00 and 0.00 mean sea levd, tlie lowest portion being on 
the Avestern portion aliove Dhajipa.’' 

“ The level, therefore, appears to have risen betAveim 18‘)() 
and 1832, after which it does not appisir lo havi^ niaUalally allt'rcd. 
and it is probable that the same applies to <he ^^oiidtern lake, the 
IcA'el of which in 1913 was mudi !he same as in tlie northern late. 
In tlie latter year embankmenls exisbal along the margins of all 
the khals leading from the riAan*, and most of the (rilnitaiw khals 
Avere dosed with cross dams. The months of I he NoAvbhanga, 
Paran f!hapnisi’s, Hantala and Byar Khals Avere th(' only ofics 
unclosed. In 1865 the southern bank of the Central Ijake Cluiuurl 
Avas wholly “ unembanked;” hoav it is fully eni1>nnked exee])t at 
the above klials.”(3). 

(iii) Effects of Winds and Tides. 

The Salt-lakes are quite open to tlu'. occimional cyclonic storiiu 
coming from the Bay of Bengal Avliidi cause considerable dain.’!5' 
to the forest in tlie lake region. They are also exposed fully to ite 
Soutli-East Mon.soon Avind, wliich gives to many of the trees 
gnarled and stunted appearance cliaracteristic of the mangvcAT 
forests. The soil in tliese forests is also oceasionally doodl'd A\itl' 
tidal Avater and the roots of the trees, 1ik(^ tliosc of the ?nnn,^'»cvr 
swamps, produce a large number of pneumatophores varying 
6 to 18 inches in height. (See Plates TTX and V.) 



I’l.ATI', II. 


K. I'. lUSAVAS. — 



lilts, nets ol liainbiios, anil l3'|>i‘ of piMipIo living- in llio Salt-Iako 
I'of'ioii with white eiicnistalioii of salt on (lie embankment. 
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(iv) Temperature and {v) Rainfall. 

The monthly mean of the maximum and minimum tempera- 
ture as well as the rainfall recorded at the Alipur Observatory, 


which fairly represent 
following table. 

this part of the district, is 

given in the 


Maximum 

Minimum 


Months. 

lemp(‘riilui(‘. 

UMtiporntiinri 

lt:niif;ill. 

1 

January 

77.3 

55.5 

^ 0.34 

Pebruary 

82.0 

00.0 

i 1.10 

March 

90.9 

69.3 

;! 1.44 

April 

95.0 

75.7 

! 1.89 

May 

94.5 

77.5 

; 5.75 

June 

91.6 

78.8 

11.90 

July 

88.4 

78.6 

! 12.51 

August 

87.0 

78.4 

i 12.09 

September 

! 88.0 

78.0 

9.87 

October 

87.2 

74.3 

: 1.19 

November 

82.0 

0-1.3 

0.66 

December 

1 77.0 

50.0 

0.20 

Year ... , 80. S 

70.5 

02.54 


Animal Lifr ok thk Lakes. 

The animal life of the lakes is very varied. But the lakes 
appear to be especially suited to the growth and development of 
fishes, and in fact a considerable amount of fish is su])plied to the 
Calcutta markets. The holes along the edge of the canals and 
kh.als are chiefly occupied by cfabs. Warming’s statement regard- 
ing the crustacean fauna of littoral swamp-forests that “ many 
Crustacea belonging to various genera live here, burrow in the 
ground, bury dead leaves, and play a part similar to that played by 
earthworms in non-saline humose soil ” v/ill probably be found 
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applicable also to the Salt-lake region. Various kinds of worms 
and insects too inhabit the nyid and dry earth. The water of the 
lakes, on the other hand, swarms with bacteria, protozoa and the 
Cyclopida, which form an important part of the plankton fauna of 
the lakes. Ants and spiders an; v(;ry common and they mostly live; 
on trees. The nests of spidcr.s on the branches of the trees an; 
striking sights of the forests of the lake region. Among the birds 
we notice vultures, ('agies, many kinds of liei'ons and water fowls; 
snipes too are common. The lakes are, therefore, undoubtedly a 
good field both for the botanist as well as of the zoologist. 

Vf.oktatjon of the Lakes. 

Three zones of the vegetation of the Salt-lakes may be distin- 
guished, namely : 

(1) The Vegetation of the embankments and bunds. 

(2) The Vegetation of the Salt-lakes pi'opcr. 

(d) llie Vegetation of swami)s which are partly dry and 
partly flooded in summer. 

These three Zones I’epn'senl in the resti'icted sense the man- 
grove formation of the Sundribuns further south. 


General Cmaraotrr, of tjie Vegetation. 


(1) Vegetation of the embanhments and bunds. 

The emhankments and bunds of Khals and Bheris are lined 
by a mixed formation of herbs and shrubs growing side by sidi' 
along the edges of the Canals, Khals, and Bheris. Among tljc 
herbs Fmhristylis ferriiginea forms, especially during the rainy 
season, along the sides a sort of carpet interspersed Avith small 
bushes of Suaeda maritima and frequently of Heliotropium curiix- 
savicum, alternating with isolated 'taller specimens of Tamarix 
gallica, var. Mica and dense patches of Acanthus ilicifolius. This 
storey of herbs and bushes is overtopped by an upper shrubby storey., 
composed of Excoecaria Agallocha and Avicennia officinalis and 
now and then of dwarf hedges of Clerodcndron inerme. 
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(2) Vegetation of the Salt-lakes proper. 

The vegetation of the Salt-lakes pi'oper is chiefly composed of 
algae, either floating as plankton or forming thin layers on the mud 
at the bottom or floating in tliick hlue-hlack or bluish green layers 
o( considerable width attached to the haulms of grasses and otlier 
smaller partly submerged plants along the margin of tlic lakes. 
The algae belong to the class Cyanophyceac and most of them arc 
members of the family of Oscillatoriaci'ae. 'Phese are associated 
here and there with shrid)l)y specimens of Acgiceras majiis or 
small bushes of Phrag mites Karka within the shallow'er parts of 
the lakes. (See Plate IV.) 

(3) The pcgctation of swamps and drier lands. 

The vegetation of sAvamps and comparatively drier lands is 
very interesting. Here w'c can distinguish three storeys of vege- 
tation. The first storey is composed of a micropliytc formation of 
algae belonging to the family of Oscillatoriaceae, of which 
OsciUatoria princeps, Oscillatoria limosa and Oscillatoria lactevi- 
irns form the dominant sfiecies. The tliick de[)Osit of tliese algae 
consists of blackish green, blackish brown or blue-green mcm- 
Inanes, extending over a considerable ])ortion of the surface of 
the muddy soil. 'I'he algae after drying up form deep black or 
lirow'nish black sheets, which after being separated from the soil 
are carried about by winds from one place to the otlu'r or, when 
they arc fresh, are dislodged from the soil by the current of water 
and arc carried down to different parts of the lakes ; thus, they are 
distributed all over the surface of tlie lakes. It appears that these 
Oscillatorias are especially adapted to grow in filthy water; and in 
fact, they can be taken as indicators of foul water. The surface 
of the water is again covered wdth a thin yellowish green film of 
Kuqlcna sp., associated witli Pandorina morum, Arthrospira 
platcnsis and species of Osdillatoria and Diatoms, floating as 
plankton between the trees in stagnant water in w'hich bubbles of 
gas rising from the bottom burst at .the surface. Among other 
plankton algae mention must be made of the well knowm Glathro- 
cy.'>tis aeruginosa, whjeh floats freely on the surface of the water 
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of tlio cLiialK, lakes aiul khals, presenting to the naked eye a finely 
granular a})))earancc and colouring the water beautifully blue- 
green, which when dry look like indigo ptaint along the sides 
inim(!(iiately above the water; associated with this is also found 
Oscillatoria cf. subsalsa. Among the green filamentous algae 
Enteromorjjha inleHtuuilis, Enicroviorpha prolifera and Chaefo- 
morpha Linum are qulite abundant and float in masses on the 
surface of the water, though at first attached to the substratum. 
Protoroccvs piridift, which forms a jiowderv coating on the bark ol 
Avicennia officinalis, Excoecnria Aqalloclia and Sonncratia apetahi 
also grows on the surface of the rhizophores rising above the 
water. 

The second storey is composed of phanerogamic plants of 
Suaeda maritima wh,ich grow's in bunches all over the marsh} 
lands interspersed with lldiolropium ciimssapicnm and tnller 
plants of Excoecaria Agallocha up to the outskirts of the forest 
chiefly composed of A viccnnia officinalis. 

The third, the tallest storey, consists chiefly of a mixed for- 
mation of Avicennia officinalis and Acgiceras majus, which vary 
from 10-20 ft. in height, The interior of the forest is more or 
less clear of any undergrow th, llie soil being covered with large 
patches of algae. The rhizophores and spreading sheets of algae 
and rarely a few bushes of Svaeda maritima form a characteristic 
feature of the forest floor. (Sec Plate J IT.) This forest, compostsi 
mainly of Avicennia officinalis, contains sometimes a few plants 
of Sonncratia apetala, wdiich is the tallest tree of the lake rcgioii 
growing to a height of 20 to 10 ft. Sonncratia apetala forms 
sometimes a .'K^arly pure 'issociaiion in some parts of comf-aiM- 
tively dry and high lands. (See Plate V.) 

The lands situated along the sides of the Kristopore Canil 
are at present practically all converted into cultivated lands and 
the open uncultivated area's arc overgrown with the common weeds 
of Bengal, such as Malachra capitata, Cleome viscosa, Gassni 
Tora, Cassia Sophera, Cassia occidentalis and others, forming 
the chief constituents. Among the trees and shrubs Acacia 
arabica forms an important feature of the landscape, especially 
along the sides of the Kristopore Canal. . Rome of the drier and 
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higher parts of the lakes are covered with a dense undergrowth 
of the common weeds interspersed chiefly with taller specimens of 
Acacia arabica, and scarcely a few other shrubs. 

The fact is that, as the saline soil is gradually covered up by 
ordinary soil and thus raised, the common Bengal plants settle 
there and grow as they grow elsewhere. Hence it is hardly of 
any use to add a complete list of all these common Bengal plants 
which are daily encroaching upon the higher and drier and com- 
paratively nonsaline jiarts of the lakes and which are rapidly 
increasing both in the number of individuals and in the number 
of species. 

Euphorbia antiquornm is present in the more or less semi- 
desert and rather sandy parts of the lakes. Solitary species of 
Sida and other genera are also found to gro«' gaining a foothold 
here and there. 

A systematically arranged list of plants characteristic of the 
Salt-lake region is appended at the end of the memoir. 


Aims of thf botanical suKvin- of thk lakes. 


My main object in studying the vegetation of the lakes is to 
preserve a record of the flora of the Salt-lake region which, it 
ajipears, will be reclaimed in future and after the lapse of a century 
there may not be any trace left of the present lakes. On the other 
hand, it is very interesting and important to compare, the algae of 
the saline tidal water with those of fresh water. We can observe 
also the difference in the growth of these halophytac algae, their 
morphological and physiological changes when they are subject to 
different environmental factors and when they are ke})t in the labo- 
latory under culture. Further, an investigation into the change of 
colour in some of the algae such as, Oscillatoria limosa, Oscilla- 
loria princeps, Osdillatoria laetevirens and others, as they are found 
to grow' differently coloured in different parts of the lakes, is sure 
to throw some light on the problem of the change of colour in 
nlgae. w 
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Methods and Material. 

To reach the interior of the lakes through the Canals and 
Khals, it is best to go by one of the country boats called dinghis. 
But for getting into tbe shallower [)ortions a “ dug-out ” is the 
most useful; though often one lias to wade through the marshy 
grounds or walk along tbe embankments to collect in tbe interior 
of the forest and swamps and to observe the growth and the 
nature of habitat of the plants specially of algae. It may 

be mentioned that in tbe Canals, I have more than once availed 
myself of the motor-boat, lielonging to the Public Works Depart- 
ment, kindly jilaced at my disposal by Mr. 1). N. Sen Gupta, 
Executive Eiif^necr, Circular and Eastern Canals Division, 
Irrigation Dejiartment, P. W. I)., Bengal. 

(i) Apparatus. 

A plankton net about 2 ft. long, a ‘ Diatom sucker,’ a rope 
dredger with a large brass hook tied to it, employed for dragging 
aquatic plants from tbe bottom and a cylindrical tin box G" x3", 
tied to the hook of the rope dredgx'r serving the piii’posc of lifting 
mud from the bottom, a couple of netted wire presses, a leather 
holdall and tin vasculums, eiividopes and a packet of mounting 
paper constituted my collecting outfit. 

(fj) Collections. 

My collections including the type sjieeimens of new species 
and others are at present kc'pt in tbc' Botanical Laboratory of the 
University College of Scii'iice, Baliganj, Calcutta. Almost all the 
phanerogamic plants found in tlii' r{'gion have been mentioned by 
Sir David Prain in “ Tbe Vegetation of tbe Districts of Hugbli- 
Howrah and tbe 24-pcrgunnabs ” (see Kecords of tbe Botanical 
Survey of India, Volume III, No. 2), except Hcliotropium curasavi- 
cum wbicb apjiears to be newly introduci'd. A few algae have also 
been reported by him in the same volume and a description of each 
of them has bemi givim in this paper after placing them in their 
proper systematic order. 
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Conclusion. 

Certain blue-green algae, particularly species ol' Oscillatoria, 
grow most luxuriantly during the rains all over tlie lakes and 
swamps. During the hot weather Pandorina Morum, Entcro- 
iiiorpha prolifera are very coninion. Considerable changes in the 
algal flora of lakes and swamps accompany jM'riodic changes in 
(■limate and in the salinity of the water. A further detailed study 
of these changes will undoubtedly prove to be of consid(!rable 
interest. 'I’hc want of funds usually renders studies of this nature 
a matter of considerabh'. difficulty, and the marshy ground, the 
unsavoury character of the fjakes and their surroundings, particu- 
larly in the northern parts, atid the imlu'althy conditions of the 
localities place considerable obsfach's in the way of the investigator. 
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CHAPTEE II. 


List of Plants found in the Salt-lakes. 

This list contains all the plants reported by previous authors 
as well as those which have been found by myself. 


ALGAE. 


I. Myxophyceaic. 

(/) Family — Chroococcacrae . 

1. Gloecapsa aerugiium (Carmich.) Kuetzing. 

Kuetzing, Tab. Phgc., t. 21, fig. 11; Kuetz., Sp. Algar., p. 
218; Rabenhorst, FI., Eur. .Mg. II, p. 39 ; Cooke, Brit. Freshw. 
Alg., p. 207, t. LXXXIV, fig. 2; Hansg ., Prodr . II, p. 153 ; Hae- 
matococcus aerugino.sus. Hafts., Freshw. Algae, p. 833, n. 15, i. 
82, fig. 3 ; Tilden, Minnesota Algae, vol. I, p. 18, L 1, fig. 19 ; Dr 
Toni, SijUoge Algarum, Myxophyeeae, p. 55. 

Plant mass crustaceous or cartilaginous, blue-green oi' 
throughout grey-green; colony 9-25 (50)|Lt in diameter, spherical or 
.:iligbtly angular by mutual pressure, sheaths colourless, indistinct- 
ly lamellose; cells spherical or angular by mutual pressure, 4-8|x 
with the sheath and without the sheath; contents granular, 
blue-green. 

Habitat . — Forms blue-green crusts on canal banka. Salt-lakes, 
near Calcutta, see Plate VI, Fig. 1. 



K. I*. liTSWAS. 



Tliu interior of the i’oust of Anctmiia (ijlir/jftilts with j)nL‘Uuiato- 
pliores and dci)0sits of blue^^’roeii al^ao. 
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2. Glathrocystis aeruginosa (Kuetz.) Henfrey. 

Cooke, Brit- Freshw. Alg. p. 212, t. LXXXVI, fig. 7. a-b ; 
Microajstis aeruginosa Kuetz. Tab. Phyc. I, t. 8; Polycysiis 
aeruginosa Kuetz., Sp. AJg., p. 210; Ilansg., Prod., II, p. 146; 
De Toni, Syll. Alg., Myx., p. 94; Tilden, Minnesota Algae, ool. I, 
p. 37, t. II, figs. 21, 22. 

Plant mass forming a bright blue-green scum on the surface 
of the water and floating in vast strata in fresh-water tanks, pools 
and lakes as well as in brackish-water canals and lakes, presenting 
a finely granular appearance to the naked eye and painting the sides 
of the canals, pools, tanks and lakes with a bright blue-green or 
indigo colour ; when the plant mass dries up it appears as a crust 
of indigo colour. The plant lasts throughout the year forming the 
most common plankton of our tanks, pools and lakes and grows 
most luxuriantly during the hot months just before the rains from 
May to June. But after the first showers of monsoon rains a large 
miinber of colonies dying and producing a considerable amount of 
nrganic matter, putrefaction baederia cause a rotting, stinking 
odour. It appears after the rains and grows more healthily in 
running water than in stagnant water, though it is quite common 
ill both of them and is often associated with other plankton algae, 
'i'lie colonies are of various shapes, spherical or elongate with irre- 
gularly lobed margins, solid when young but becoming clathrate 
iind saccate “ until the whole becomes a coarsely latticed sack or 
clumsy net of irregularly lobed forms.” The colonies 
are surrounded by a hyaline diffluent sheath and vary from 30- 
130 /t in diameter ; the cells are spherical, 3-4/x in diameter, 
very numerous in each of the colonies, the contents are granular 
and blue-green. 

Habitat. — ^Floating as plankton in the canals, khals and 
iialas and lakes. Salt-lakes, near Calcutta. I have also found 
this alga floating as plankton in the Buckingham canal, Madras, 
^nd in a pool in the valley of the Pareshnath TTill in Sontal Per- 
gnnnahs. flee PI. VT, fig. 2. (a-d). 

3 
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(ii) Family — ( )scillatoriaceae. 

8. Oscillatoria princcps Vaucli. 

Kuetz., Tub. Phyc. /, I. 14, fuj. 4; liab., FI. Eur. Alg. U, 
p. 112; Gain., Mon. dcs Oscill., p. 206, i. VI, fiy. 9; Wotlc, 
Freshw. Aly. of U. S., p. 217, t. VCVll, jigs. 20-22; Dc Toni, Syll. 
Alg., p. 150 ; Tilden. Mi line. sola Algae, p. 62., t. IV, fig. 8; Goin- 
menlationes Algologicae, in Journal of the Department of Science, 
col. VII, Hoad Slimes of Caleulta by I\ . P. Bi.sicas, p. 4; Oseillaria 
maxima Kuetz. Tab. Phyc. I, p. 22, I. X/JV, fig. 41; Sp. Alg., 
p. 248; Ose. princeps et maxima Rab. FI. Eur., Alg., II, p. 112 : 
Osc. imperator Wood., W'ollc, Freslne. Algae of LI. S., p. 317, t. 

GCVIII. 

Plant mass either vei'digris-green, blackish green or almost 
black when tioating in shady stagnant Mater or broMaiish green oi' 
bluish grey M'hen forming a membrane on the exposed surface of 
the soil ; filaments 80-88/; (I0-(>0/x)in diameter, straight or eurv(;(l, 
elongated, entangled, somcM'liat Iragile, slightly attenuated; apex 
obtusely I'ounded, truncate, iipieal cell more or less convex, nul 
capitate ; cells 2.5-'Ap (2.5-1 pl) in length, very slightly or not at ah 
constricted at the joints, transverse uaills not granulated ; cell con- 
tents uniformly granular, bluish green. 

Habitat. — Salt-lakes, near (’alcutta ; common. Sec Plate VI, 
tig. 3. 


A. Oscillatoria limo.sa (Roth) Ag. 

Hax.s., Brit. Fre.shic. Alg., p.,246, t. fjXXI, fig. 2: Gom.. 
Mon., pp. 210-211, t. VI, fig. 12; Go(d\e, Brit. Freshw. Abl-- 
p. 251, t. X(tVfI, fig. 2; Os. Froeliehii Kuetz. Tab. Phyc. B 
p. 81, t. 48, fig. 7; Rah. FI. Eur. Alg. II, p. 109; Oscillatoria 
limosa (Both) Ag., De Toni Syll. Alg., Myx., pp. 150-157 
Tilden, Minnesota Algae, vol. I, p. 65, t. IV. fig. 6. 
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Plant inasH forming dark blue-greeii or hrown oi- yellowish 
green nienihraiie on the surface of tlie soil with the filaments grow- 
ing side by side, which appear to the naked eyes as fine brownish 
(lark lines ; filaments long, straight, or more or less curved, sonie- 
(vhat fragile, not at all or scarcely tapering, i(»-l5|x in diameter ; 
a])cx obtusely roniuU'd, ai)ical cell convex; cells •J-5ju in length, 
;t-6 times shorter than long, hardly constricted at the joints, trans- 
verse walls fmpiently granulated, cell contents granular blue-green 
or brown. 

Hdhilni.—On muddy soil', in the Salt-lakes near Calcutta; 
common. >SVc Plate VI, lig. (n-d.) 

5. OscUlaloaa siinplicif<siiiia Com. 

Goiii., Mon., p. :M<l, f. 17/, fip. I ; Dc Toni, Sijll. Alg., 
.l/;/.r., p. Kio. 

ritratum blackish green ; lilaments long, thin, flexible, 
nii.xed up with otlau- ( tscillatorias ; yellowish gi’een or bluish grey, 
straight, elongate, or tnorc or l(>ss curved, not constricted at the 
joints, H-9p, in diameter: straight towards the apex, not at- 
tiMiuated, not capitate: cells shorter than the diameter, AMfi in 
!('ngth; contents linely uniformly granular, blue-green or bluish 
grey. 

Hnbitai. — Halt-lakes, near Calcntla. HVe Plate Fig. H. 
b. Osciilniorin Irnnis .Agardh. 

Dc Toni, SyU. Alg., p. lUi; Tildcn, Minnr.wta Algae, 

F. I, V. 71, t. IV, figs. I7-1S: Coin. Alg. I, Algae of Bengal Fil- 
ler-beds, by Paul Briihl and Kalipada Biswas, p. 6, /. /, fig. 8: in 
llie Journal of the Depl. of Srienee, (\ I ., nd. IV. 

Filaments mixed with other algae in slimes lornu'd on tlie 
roads neartlu' Salt-lakes ; (‘gin diam. : eidls .gg in length. 

7. O.'teillalofia amphibia Aga 

De Toni, Bijll. .llg. Mipr., p. 1(19: Tilden, Minnesota Alg., 
]>. 78, i. IV, figs. B)-:>0; Com. Alg. I. .Wf/ac of Bengal Filter- 
bed, <;^ p_ t. 1, fig. 4. 
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The plant forms a deep blue-green stj atum in the Halt-lakes on 
mud. It does not grow there luxuriantly ; but when it is kept in 
fresh wat(!r it begins to grow very rapidly and forms a deep blue- 
green membrane, displacing all other algae from the culture. Fila- 
ments '2-3/.twide and cells 4-(5/xin length. 

HabiUil . — In the Salt-lakes, near Calcutta ; common. tSee 
Plate VI, lig. 9 {(i-b). 

8. Oficilldloria 'ininHcsoloisis Tilden. 

Tilden, Minuefiota Algae, p. 76, t. IV, jig. 22. 

Plant mass thi)i, membranaceous, dark blue-green ; lilaments 
long, sti'aight, oi- more or less curved and Hexuous, very rapidly 
moving, erect towards the apex, somewhat fragile, 2-3^ (Bp) in 
diameter; cells longer than broad, about 4/xin length, constricted 
at the joints : apical cell round, subobtuse or somewhat conical ; 
transverse walls not granulated ; contents viny linely granular, 
almost homogeneous. 

Habitat. — In Salt-lakes, near Calcutta ; common. See PI 
VI, tig. 5 {a-h). 

9. Oseillatoria laeirrirens (Croua?i) flom. 

Gom., Mon., p. 220, t. VII, fig. 11; De Toni, Syll. Alg. 
Myx., p. 177 ; Tilden, Minnesota Algae, vol. I, p. 78, t. IV. 
fig. 28. 

Plant mass forming a. thin bright blue-green or yellow'isli 
green membrane, spreading on muddy soil and finally floating on 
the surface; but, when dry, forming black thin sheets; filaments 
long, straight or slightly curved, rajiidly moving, fragile, in 
diameter, slightly constricted at the joints ; apex of trichome briclly 
attenuated, undulating or hooked, rarely straight; apical cell sub- 
acute or acute, some^vhat pointed, not capitate; calyptra none; 
cells 2-3p in length ; cell contents uniformly granular blue-green. 

Habitat. — Tn Sail -lakes, near Calcutta ; see PI. VI, fig. 7 (o-e). 
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10. Oscillatorid. sali}i(ij sp. Jiov. 

Plant mays loriiiiiig a deep l)luc‘-‘;re(_‘i) iJiin iiieinOranc cxteiid- 
iiig over the muddy soil and iijially, alter being separated, ilualing 
oil tile surlaee ol water ; iilameiils lying side b}' side in the 
stratum, straight, elongate, erect, scareely curved, tragile, ia[)idly 
moving, not at all constricted at tiu' joiiiis, d-b|< in. diameter ; 
apex ol trichomc straight, brieily taj^ering, (‘iiding acc inninately in 
a sharp point, hooked or twisted, not caapilale ; apical cell niucro- 
nate liyaline ; calyptra none ; cells shoria'r ilirin tJie diameter, 
L.5-2p in length; sometimes, ila* lilameni is iimu’nijJied bv in- 
Hated refriugent cells ; trans\ei's(‘ wails indisrlncl, not granu- 
lated; (‘ell conttmts lipdx iini!‘unnl\ • ramdai*, almost homo- 
geneous, blue-green. 

Habitat. -An Salt-lakes near (-alcutta ; coinmoji ; PI. VI, 
lig. G (a-/0. 

Idle |)lanl dilT(M*s iVom Oycillaforia ac/u.iifiala. in having its 
cells much shorter than the diaomger and consIrichHl al the 

joints ; transverse walls not at all gramnali'd, eontimis uni- 
formly gi'aiitilar, almost iiom(‘g('neons. U diiVv rs from Oscillaloria 
brri'is in having ils ajiex bi'ieiix (apering ;!mi acim)iiial('l\ muling 
ill a sharp point, iii(' apieal ecll iu-iiig; miu'iDnati' and hyalirug 
(ransvers(‘ walls indislinct and only \isi!)i(‘ ain r killing and Hxing 
mid treating with iodine or chloro^dnc iodide ; iml, not '•f'cemion 
blue wlien treated with chloroziiic iodide. 

11. Oscillalaria jonno^a !)or \ , 

Kuetz., Tab. Phif. f. I. XLI. /. .S ; (7m//., Hfo/?., //. , Tab. 
I'//, fuj. (i: 0. /c//'///.s' r. KkcI':^, Sj). .l/rc, p. tlab., 

Kar. AUj. //, p. 102: Dr Toni. Sail. .!///. v. 182. 

Plant mass lirighl iilne-givmi ; lilanumls slraighl or curved, 
elongate, sojnewliat ih'xilde., slighily ( (»iu;( ricu-d at IIk' joints, d-l/x 
f l“Gg) in diameter; apex of kricdionu' s(mu‘e,!i:!t (’.])( siihaciit(‘ 
:nul very briefly tapering, more or less iu^oki'd, not cnpi(at(': calyptra 
none; cells nnicli sbort(‘r iiian long, l.5-’2pin length, contents 
nuiforinly granular, bliie-groon. 

Habitat. — In Salt-lakes ncai- Calcutta, xcc PL Yf, fig. 10 (a-b). 
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12. Oscillatoria cf. mbmlsa Agardh. 

Kuetz., Tab. Phyc. I, t. 42, fiy. 5 ; Rab., Fi. AUj., 11, p. 
108; l)e Toni, Ahj., Mip., p. L87; Tilden, Minnesota 

Algae, p. 83. 

Plant mass lloating as plankton, forming a bright yellowish 
green of bluish green film on the surface of water; lilamcnts either 
short, Jieedle like, about 100-303^ loiig or more, straight, some- 
what fragile, scarcely constricted at the joints, about 1-Up (S-lOg) 
in diameter ; cells twice; as short as the diameter, 3-4-p (4-5jU.) in 
length, traJisverse walls more or less pellucid; apex of trichome 
equal or slightly tapering, hardly beak-like, obtusely rounded : cell 
contents granular blue-green. 

1 have not seen the dark blue-green radiating and mucous 
stratum of this alga, as mentioned in l)e Toni, Syil. Alg. and 'Pil- 
den’s Minnesota Algae. , 

Uabitai.—U\ .Sail-lakes, ('.ilcutla ; common. See PI. VII, 
lig. 11 (a-c). 


13. Apintlina maior Kuelzing. 

Com., Mo)i(>(jr., p. 2ol, t. Vli, jig. 20: De Toni, SijK. Alg. 
Aly.r., p. 210: Tilden, Minnesota, l/f/., p. 87, t. 10, jig. 40; 
Spinilina osi-illariodes Knetz. I. I'ltije. I, p. 20, t. 37, jig. 8; 8ii. 
Alg., p. 230;'* Spiriilina Oseillariodes Tiirp., Records aj Ihe Bol. 
SuToey of India, Vol. Ilf, No. 2, p. 333, (Jooke, Brit. Freshie. 
Algae, p. 200, i. 00, jig. 3 : llansg., Prod. 11, p. 120 ; Rah.. 
Flora Fur. Alg., Ill, p. 410. 

Plant mass forming a deep blue, green or yellowish green 
stratum; trichome 1.2-1. 7p in diameter, usually scattered among 
other algae, more or less llexiious, twisted into a somewhat loose 
regular spiral, l-Bg [\gL^ in diamder, the distance between the 
turns heing 3p {2.1 -Op). 

ffahihh.- Forming a thin yeilowish green or hliie-green 
membrane on nuu!d> soil,- -Halt-lakes, near Calcutta, common. 

See FI. Vll, lig. 12 {a-b). 


Tt. K IviK'Ixing u'lin U the tmllior of Spirnlifia OscilJtiriorlcs jiot Ttirp 
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14. Phormidium tniur (Meio^li.) Goiii. 

De Toni, Syll Alq- Myx-, p- 227 ; Gnm. Mon., p. 169, 
/.. IV, fig.'f. 23-26; Tildou, Miimrxola Algae, vol. I, p. 93, I. IV, 
figs- 63-05; Com. Aid. I, Algae of Bengal filier-heds, p. 8, i. 11, 
fig. 13; fin the Journal of Hie Dept, of Seienee, C. 1] ., vol. IV. 

Hahital.- hicalliicd anioii';' otiior algae in the Salt-lake.s near 
CdIciiKa. 


15. fjynghya erispa Agardh. 

Agardh., Sii.'<t.. ji. 71; Peeords. Fxd. Surr. of India, rol. 3, 
No. 2, p. 333. 

Agardh, and not Kuetzing is the anthor of Lyngbya crispa, 
and Knetzing llierel'on' deseril)es Dyughga crispa Agardh. in Sp. 
Alg., p. ‘2^3: Tail, [’hye., I, p. IS. 1. St); (ig. 4. It is either 
Lynghya aestaarii (Mert.) Idc'bm., I)(‘ Toni, Syl. Alg. Myx., 
p. 2(12, 01 ' Lynghya majasenla (Dilhvi ITarv. Do Toni, Syl. Alg. 
Myx., p. 2(18, under l)o(li of which the above sp('eies lias been in- 
(•liidcd by !)(' Toni. 

Id. Jjynghya ciiwresrens Kiietz. 

Kiietz., Sp. Alg., p. 281: Ral)., PI. Par. Alg. II. p. 118: 
■Tab. Phye. I, t. 88; fig. 3; Dr Toni, Syl. Alg. My.r., p. 208; 
Records, Bot. Sure, of India, rol. Ifl, No. 2, p. 333. 

Stratum bright hlue-grcen, trichomes 7.5-15g in dianioter, 
pale blue-geen, very slightly constrieted, sheath thick, hyaline. 

Habitat. — Salt-lakes near Calentta, see. PI. Vll, tig. Id (a-cl. 

17. Hijpheothri:r tenax Wolle. 

Wolle, Freslur. Algae of U. S., p. 319, t. 308, fig. 2; 
De Toni, Syll. Alg., p. 329; Tilden, Minnesota .Hgae, p. 141; 
ll'ypheofhri.T tenax Mart, in Records of the Bot. Survey of India, 
p. 333. 
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Stratum sometimes cx{)ande(l or at other times forming dirty 
olive-green small caespitose cushion-shaped clusters ; trichomes at 
first loosely flcxuous and curved, but later on densely interwoven 
forming pale bliu.'-grecn linn rnen)l)ran('s or cushions, colls more or 
less equal, often indislinct, sometimes interrupted ; sheath colour- 
less, somewhat firm, in diameter. 

Habitat. — Salt-lakes near Calcutta. 

Wollo and not Martens is the author of this species. . 

18. Sijniplocu hijdnoiilcs Kuetz. 

Govt,., Mon., p. Jiif>: t. II, pfj. 1-3: Dc Toni, Syll. Ahj. 
Myx., p. 300; TUdrn. fiGnnr.'^.ida Ahjac. vol. I, p. 12H : Kuetz., 
Sp. Alf/., p. 272; Tab. ''hye. /, p. It, t. 70, jiy. II: Rab., I'l. 
Faiv. AJ(J. II, p. JJ>7: Gnni., Mon., p. 107,' t. II, figs. 1-4: 
Leiblainid Lenonitandi lAirlz. in Rot. Zidl. V, p. 104; Hydroco 
leum Lenonnandi Mart, in Records of the BotanicoJ Survey of 
India, rol. Ill, No. 2, p. 334. 

Plant mass fasciculad', caespitose, dull rarely dark lead-colour- 
ed; fascicles up to H cm. in height, erect, spine-shaped, often 
lighter coloured at tlie l>ise on account of the presence of empty 
sheaths; filaments densely entangled iugilntinated, sometimes with 
false branclics uni'qually a.nd angularly twisted; sheaths thin, some- 
what mucous, becoming slightly blue with chlorozinc iodide : 
trichomes blue-giren, slightly cnnstrict('d towards the apex, 
in diiimeter, c(‘Hs slightly lo'y/er than the diameter or twice as 
short as the diameter in lemdi ; partition walls often indis- 

tinct, contents granular; apicid eell somewhat inflated, caryptra 

none. 

Habitat. — Salt-lakes, near Calcutta, see PI. "VTT, 15 (a-h). 

Hydroe, oleum Lenonnandi Mart., mentioned by Sir David 
Prain as occurring in the Salt-lakes, is probably the same as Leih- 
leinia Lenonnandi of Knetzing, which has been described under 
Symploca. hydnoides Kuetz. by De Toni. There is no genus called 
Hydroeoleus, but there is one known as Hydrocoleum, see Kuet- 
zing’s Species Algarum, p. 258, which however does not include 
any species called "Lenormandi,” but Hydroeoleus Lenormandi is 



PlATK IV. 



Salfc-l;ikp j)ri)j)(*r with ./f7//^Y?A^v umiihs aiul l‘ hiirka on 
the foresliore. 
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same as Leibleinia LcHoruiandi of Kiictzing and Symploca 
liijdroidcs Kuetz. of Do Toni, Syll. Mg., Myx., p. 300. 

19. Symploca muscorum (Ag.) Goni. 

De Toni, Syll. /!/</., Myx., p. Wd; Tildrn. Minnesota Algae, 
rol. I. p. i:}2, t. V, jig. bk Com., M«n., p. IK), t. II, fuj. 9; 
Phormidinin lynghyaceum Kttciz., Sp. Alg., p. 2bb: Tab. Pliyc. 
I, p. SS, t. -16, jig. Ill; Records oj Bat. Sure, oj India, rol. Ill, 
.Vo. 2, p. 333; Tolypothrix coaetiiis De Bory, Rab., FI. Fur. 
Alg. II, p. 278 ; Lyngbya phonnidiuin Kuetz., Sp. Alg., p. 280 ; 
Tab. Pliyc. 1, p. -17, I. dti, jig. /• ; Wolle, Fre.sbir. Algae <if I'. .S’., 
p. 209, 1. CCCPjig. 22-26, llan.sg., Prodr. II, p. 101. 

Plant mass fasciculate, raucous, Pliormidium-Jikc, extended, 
(lark-green, blue-green, or rcddisli-green in colour ; fascicles 
twisted, creeping, rarely erect ; lilainents simple, Hexible, dense- 
ly crowded, at the l)ase very much tortuous and interwoven, to- 
wards tlie upper portion less twisted somewliat parallel : sheaths 
linn, tenacious or more or less rauc.ous, blue-green with chlorozinc 
iodine, up to 2/x in thickness; trichouH's blue-giTcn not constricted 
al the joints, in dianu'ter; length of cells almost 

(■(]ual to the diameter of the trichonu's or twice as DTneh as the 
diameter, 5-lljx in length; contents s|)arscly granular; trams- 
versc walls usually inconspicuous, not granulated ; apical cell 
round, obtusely conical ; calyptra slightly thick('ned. 

J/uhi/(d.- -Salt-lakes, lusir (’alcutta, see FI. VII, fig. 13. 

20. Siroeoleus Kurzii (Zeller) (loin. 

De Toni, Syll. Alg., Myx., p. 380. ('hthonoblaslns kurzii 
y.ellcr in Journ. oj .Is. Soe. oj Bengal, \LII, Part II, p. 118, 
llijilrocoleuin Kurzii Marl, in Records of Bot. Sure, of India, 
i-ol. Ill, A'o. 2, p. 334. 

Plant mass Cc'iespitose, penicillate, soft, floating now and then, 
dark-green or bright-green; filaments with false branches, the, false 
branches adpressed ; sheath hyaline, mucous, somewhat tliick, 

4 
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superficially smooth or rough, corrugated, closed at the apex and 
acuminate or open, trichomes pale blue-green or violet, parallel, 
somewhat erect or twisted like a rope, acuminate at the apex, not 
constricted at the joints, 7-lOp, in n idth ; cells 2-4 times shorter 
than the diameter, 2-4p, in length : transverse walls frequently 
granulated, apical cell obtuse, conical. 

Habitat . — Muddy banks of canals, also in Salt-lakes. 

There is no s))ecies called H ijilrocoteum Kurzii Mart, as re- 
ported by Sir David Train in the Yagetation of the districts of 
Hughli-TTowrah and the 24-Pergunnahs. The genus is at present 
known as Hydrocoleus and not Hydrocoleitm. Hydrocolnnu 
Kurzii is evidently the same as Sirocoh’n.'i Kurzii of Clomont and 
Ohlhonohla^tus Kurzii of Zeller. 


21. Mierocoteux ChthouopJafit pfi (FI. Dan) Thuret. 

Dr Toni, Syll. Aly., Myn., v. 371; Tilden, Minnesota Alyac. 
voJ. I, p. 9J)f). PI. VI, fiy. 93. Cont;c ; P>rii. Frrsbir. Alyar, p. 9bb. 
tab. C. fiy. 1: Chihonotdaslus .'talinns Kuetz. Sp. Aly., p. 91)9: 
Tab. Phyc. I, p. 33, t. .53, f. 9: liab., FI. Ear. Aly. II, p. 133: 
Microcohiis yraeilis. Hum., Rr/7. Frrshir. Aly., p. 9(11 , tab. 7b ,■ 
fiy. 9 : Wollr, Frr.Aiir. Alyar of D. .S'., /). 30(1, lab. 903, fiy. 10-11: 
Cookr, Brit. Frrshu'. Ala., p. 9-5.5, tab. XCIX, fiy. 1 ; Chtlioiio- 
Idasta.-: Lyuybyri Kurtz Sp. .1/g., p. 909 : Tat). Phyc. /, p. 33, tab. 
LVIII, fiy. 1 : Microcnirua Clithonnblaslns F> Lynybyei, IIau.')ii. 
Prod. II, p. 77: Microcolciis anyuiforniis Ham. in Hass. I’rH. 
Frrshir. .Hy., p. 901, I. R.Y.Y, fiy. 1 ; Wollr, Frrshir. Aly. <-/ 
U. S. p. 300: Fhlhoniddaslas anyiiifoniiis Kurtz., Sji. Aly., p. 
909, Tab. Phyr. I, p. :I3, lab. .57, fiy. I ; Pub. FI. Ear. Aly. IF 
p. 133: Mirroralriis Fynybiiri Ky.: lirrords of Ihr Pol. San., 
rnl. Ill, No. 9, p. 334. 

Filaments twisted, randy braiudied, forming a dull or dark- 
green, broadly exjjanded, compact, stratified mass, made up of lay- 
ers of different colours, or growing sparsely among other algae; 
sheath cylindrical , more or less unequal roughened in outline, usual- 
ly opened at tlu apex, entirely diffluent, not blue with 
chlorozinc , iodine, trichomes bright blue^green, short, somewhat 
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(reel, many within the sheath, usually densely aggregated in 
fascicles, rarely twisted in the form of a cord, in width 

(clls more or less equal to the diameter or twice as long as the dia- 
iiietcr *‘hG-10/i in length; transverse walls not granulated; apical 
rell not capitate, acute-conical. 

Calcutta Salt-lakes, .srcPl. VII, fig, 17 (a-c). 

Kuetzing does not mention any species known as Microcolciia 
LipKjhljei Kg., reported by Dr. Prain ; he (Kuetz) is the author of 
tlic speci(^s calk'd OilhotioUuMu!^ LiiHgliijci, A\'hieh is evidentlv the 
same as Microcoleus Lumibyri mentioned hy Sir T). Prain. 
Kuetzing’s Ghthonoblustiis Lynghuci is again included in 
Mierocokus Chthonoplnstcs (Kl. Dan) 'riiurct, by l)e Toni. 


22. Calothrix Juliuna (Menegh) Bornet et Flafi. 

heibkina Juliam Kuetz . ; Hccords of Bot. Sure, of India, 
ml. Ill, No. :i, j). ddd : Sp. .llg., p. :’76 ; Tab. Plujc. lab. Sd, 
fi'l. IV; ])(’ Toni, Syll. .l/g. My.r., p. Tildcn's Minnesota 
■ llijae, euJ. I, p. Ilbd, Id. XVI. fiy. b. 

Filaments scattered or forming an interrupted, olivaceous 
stratum, when dry of amethyst colour, densely crowded, erect, 
.■'iiiiple, rigid, 2 mm. in lieighi, in diameter, often thickened 

:il the base, sheath, thin close, not laniillose, colourless; trichoines 
in width ending in a long tapering fragile hair; cells three 
times shorter than their diameter; hormogones l-.a limes longer 
than their diameter. 

Habitat. — Salt-lakes, Calcutta, .see P. VU, fig. 14. 

23. Leptothrix inainillosa Menegh. 

Kuetz., Sp. Ahj., p. SC)i;No. 17: Records of the Bol . Sure, 
"f India, rol. HI, No. 2, p. ‘dU. 

Trichomes,lju.in thickness, curved, intricate, in a heinispheri- 
cal swollen reddish body. 

Habitat. — Salt-lakes' near Calcutta. 
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( i i i) Fimi i ly — St' yton laf AciiAR . 

24. Scytnnema grunulatum Martenn. 

De Toni, Syll. Alg. Myx., p. 537 ; Pram, Records of BoL 
Surv. of India, rol. Ill, No. 2, p. 335. 

The reference given in De Toni’s Syll. Alg. with reg<ard to this 
species, namely, Kur/. in Proc. of As. Soc. of Itengal, XIII, p. 17‘2, 
is evidently incorrect, as the spc'cies is not found reported there, 
hut it is reported hy Sir David Drain in the Eecord of Bot. Surv. 
of India, vol. Ill, Net. 2, p. 355, in which no reference is made to 
the literature regarding the re])ort of the s]X’cies of algae mentioned 
therein. 


11. Chi.oroi-iivckak. 

(ir) Family- A’orA'ocACKAn- 

25. Pandorina Mariint (Muell.) Bory. 

De Toni, Syll. .1/;/., Chi., rol. /, p. 330; Rab., FI. Fjur. /ihj., 
p. 99: Hansg., Prodr., p. 103, n. 139; Wollc. Freshir. 
Alyaeof U. S., p. 1(11, lab. 153, fuj. DIO: Rotryocystis Moriiin 
Kurtz, Species Alyaruni, p. 20S, Tab. Pliyc. I, tab. 19, fig. 05; 
Bolryocyslis Volro:r Kurtz, Tab. Phye. 1, tab. 9, fig. (it: Sp. Alg.. 

p. 208. ' 

Colonit's spherical or ohloiigx'lliptical, 2()-10/i (up to 200) in 
diameter, consisting of ten or 8-10 rarely of B2 cells ; cells n-12g 
by 6-12/a (15/i) the epispres of the zygotes smootli. 

//rt 5.- Floating in ii nala in Salt-lakes, covered with a lilni 
of Fugleua sp. Sc'c PI. \'ll, (ig. 18 ia-b). 

(/•) Family — P rotococcacrah. 

20. Protoroecus riridis Agardh. 

Dc Toni, Syll, Ahj,. ChL, rol. fJ, p. 099, Paschcr^ 
Siisisinissrrflord , Ih fl A, Clilorophyrrnr p. 224, fig. 32; P/n./ro- 
cnccufi vulgaris Nargrii, Plcurococcus NqArgelei Chodat. Kuelz- 
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Tab. Phyc. I, tab. :i.- Rab., FI. Fur. .Mg. Ill, p. bd; llamg. 
Prodr., p. Ill; Coolc Bril. Frr.'flnr,. Alg. Ill, p. ;>9, lab. PI, 
fig. 1; W'olle, Fre.'iinr. Alg. of P. S., p. IRI, lab. IGl, fig. I, lab. 
Kill, fig. 2. 

Cells single, spherical to ellipsoidal with relatively delicate 
nienihi’ane, parietal eoina'xo-concavar chroinalophores with scarce- 
ly lohed margin and a cenlral nucleus. On division are often 
tonned 2-4-cellcd aggregate's, in which case the' chroniatophoies of 
the cells arc mostly situated on the outside walls. Filamentous 
.stages, which .sometimes oiiiginate from such aggregates, are f’re- 
(juently formed. SometiiiK^s tlu'sc stages show distinct irregular 
branching. Chodat dcscrilx'd also stages rcsemhling Dactylol hrr.r 
and Honnotila. Whether to this hclong c('lls mentioned by Chodat 
similar to Troclii.scia i.s not certain. Resting stages observed by 
Rasclier, in connection with vegetative stages are not similar to 
thosu described by Chodat. Usnally yellowish green, the mem- 
Inane is thickened, tla; outermost layer appi'ars to be eremite due to 
wrinkles and irregular lobes. In some cases oil could be proved to 
!)(' present. Chodat distinguishes a variety quart ernarium, in 
which four-c(;lled coups predominate. The size of the cells is Ml4p 
(2-3^, rarely up to ?,fi^)Choda.t also describi's PIntrococcus lohatus, 
which is distinguished only by its chromatophores being more lobed 
and four-celled packets sei'in to be present in greater numbers. 
Pascher is unable to say how far Plcarococcus lobatu.'i is identical 
with Prolococcufi riridi.‘< var. lohatus which in his later papers 
Chodat does not refer to. 

//ub/fu/. -Salt lakes near CalcuUa, .sec PI. Vll, fig. It). 

This i.s the only .subaeriaf alga that has been found in the Salt- 
lake region, growing abundantly on the trunks of ArUccnuia offici- 
nali.'i, Excorcaria Agalocha, and often also on the rhizophores of the 
plants of this region, especially on the portions which remain above 
the IcA'cl of the waiter. 

(ri) b’amily- Ci..\i)()I>hoi;.u'K.m-:. 

27. Chacloiiiorpha Linum (Mucll.) Kuetz. 

De Toni, Syll Alg., Chi. rol. I,p. 2b'): Tab. Phyc. Ill, tab. 
fiO- Chacloniorpha chlorotica KueLz. Sp. Alg., p. 377; Tab. 



30 


FhOKA OKTHK SAliT-LAKKS 


Phyc. Ill, Uih. bi, fiy. 2; Ghaciomorpha sctacca Kurtz., Sp. Al<i., 
p. 277; Tab. Phyc. Ill, tab. 54, pj. 2; Chaetomorpha ri(jida Kueiz. 
Sp. AUj., p. 277; Tab. Phyc. HI, lab. 54, fig. 1; Rah. FI. Eur. 
Alg. Ill, p. 228; Chaetomorpha brachyarthra Kurtz. Sp. Alg., 
p. 277; Tab. Phyc. Ill, tab. 52, fig. 4; Chaetomorpha dalmatica 
Kurtz. Sp. Alg., p. 278; Tab. Phyc. HI, lab. 55; Chaetomorpha 
chlorotica Kurtz. Records of Bot. Sum. of India, rol. Ill, No. 2, 
p. 329. 

Filaments floating freely in masses, loosely entangled, 
yellowish-green or deep dark-green, rigid, here and there curved, 
very elongated, 00-10r)/i f300ju,) in width, cells 1-2 (rarely 4-51 
times longer than hroad, rarely shorter, cylindrical or ventricose. 

Habitat. — Salt-lakes near (’alciitla, see PI. IX, fig. 22 (a-c). 

Knetzing has not mentioned any speci(!s in his Species Alga- 
rnm of the name of Ghactophora chlorotica, neither any species 
under this name has heeii mentioned hy !.)(' Toni in his Sylloge 
Algarum of the genus Chaetophora. Hut Knetzing has described 
a species Chaetomorpha chlorotica, in his Sp. Alg., p. 577, which 
was later on described by De Toni in his Sylloge Algarum, Chloro- 
phyceae, vol. I, p. 2G7, under the name of Chaetomorpha lAnum 
(Muell.) Kuetz, which belongs to the family of Cladophoraceao. 
Therefore, the ,s])ecics ('haetophora chlorotica Kg. reported from 
the Salt-lakes by Sir D. Prain in the Tlecords of the Hotanical 
Survey of India, vol. TTl. No. 2, 320 is Chaetomorpha chloro- 
lica of Knetzing and therefore belongs to tbe family of Cladophora- 
ceae and not to that of Chactophoraccao. 

28. Rhizoclonium hieroglyphicum (Ag.) Kuetz. 

De Toni Syll. .Hg., Chi, rol. I, p. 281 ; Kuetz. Sp. Alg., 
p. 285, No. 12 ; Rah. FI. Eur. Alg. rol. HI, p. 229 ; Ilansg., 
Prodr. p. 78, No. 105; Rhizoclonium aponinum Kuetz., Tab. 
Phyc. Ill, Alg., p. 384 ; No. 7 ; Tab. Phyc. HI, tab. 09, fig. 2 
Rhizoclonium affine, Sp. Mg., p. tt^h. No. It ; Tub. Phyc. tat). 
71, fig. 2 ; Rhizoclonium calidum. Tab. Phyc. lab. 70 fig. 2 ; 
Conferra Antillarum Kg. Sp. Alg., p. 272, No. 18; Tab. Phyc. 
lab. 45, fig. 2; Rah., FI. Eur. Alg. HI, p. 220; Record of the 
Bot. Surt\ of India, rol. HI, No. 2, pp. 22fi 220. 
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Plant (Icep-grcen, or pale-grccn, losely entangled when dry, 
very much adhering to the sheets of paper ; filaments with short 
lateral rhizoid-like processes protruding here and there; cells 
12-2-3jii in width, ‘2-3 times as long as broad, not constricted at the 
joints. 

This species was found by Sir 1). Prain at Matla in brackish 
water and it is likely to occur also in the Salt-lakes. See PI. X, 
fig. 23 ia-c). 

( rii) Kaniily — rr.VAC'K.M'’.. 

29. Rnferomorpha pwJifcni (Muell.) J. Ag- 

De Toni, SijU. yl/g. Chlor., rol. 1, p. /,‘?.2 ; Knetz., Toh. Plnjc. 
VI, tab, 30, fig. 3. 

Plant mass yellowish-green, a1 first attached to the 
substratum, but latci' on lloating Iria'Iy in masses about 

i) dm. long. The fronds are long, athmuated, tubiilosc, 
at first simple, hut later densely branched, the smaller 
branches originating ('verywhere, more or loss at an 
angle of ^5°, and arranged aeropetally’ The ultimate 

ia’anches contain a. single row of et'lls, alt('nua1ed to\\auls the end, 
obfusi'ly rounded and very thin varying from G-25g in width, cells 
iu comparatively younger branches are mostly uniformly rectan- 
gular, rarely oblong or hardly scpian' and vary from (i-12u in length 
and ;Vfi,tin width. Tin- apical cells of the ultimate branehlets are 
about 12/x long and (Ig board. The intermediate cells of the primary 
thallus are small, mostly rectangularly polyhedral, arranged in 
longitudinal series, surrounded by conspicuous hyaline walls, 
m length and (i-l'ig in width; chromatopbores yellowish-green, 
s|)herical, oblong or oval, close to the wall with empty spaces 
between them. 

Salt-lakes, floating in masses ; supposed to be a 
good food for fish, .see PI. Vtll, fig- -9 

30. Enteromorpha intesiinahs (L) Link. 

De Toni, SylJ. Alg., Chi; p. 123, Records of Bot. Survey 
"/ India, vol. HI, Nof2, 230;, Rah., FI. Enr. Aig., I'ol. Ill, 
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p. H12; Kuetz. Sp. Al<i., p. 478; Tab. Phyc. VI, tab. 31; Cooke. 
BMt. Freshw. Alg., p. 130, tab. 51, fly. 1-2; Wolle, Freshw. Algae 
U. S., p. 107, tab. 125, figs. 9-10; llans<f. Prodr., p. 55, N. 62, 
fig. 20-21. 

Plants frequently floating on the surface of the water, more or 
less of the form of intestines, about 1-20 dm. long, 1-10 cm. broad, 
yellowish-green in colour and membranaceous: fronds elongated, 
attenuated towards the end, tubulose, cylindrical, ciavate, often 
inflated bullose, simpl(‘ or ,sparingly branched at the base, cells 
large, roundedly polyhedral, soon irregularly arranged towards the 
apex of the branch, elliptical-oblong on both sides or espccialh 
towards the interior, most of the intermediate layer of cells 
very firmly held together; the chronialo|)hores more or less 
granular, those along tlu' walls largcu' with empty spaces between 
them. 

Salt-lakes near Calcutta, see PI. IX, tig. 21 (a-e). 


(riii) Family — Mouoeo’iiaceak. 

31. Mougeotia ajfinis Kuetz. 

Keelz., Species Alg., p. 433 ; Hub. FI. Fur. Alg., vol. Ill, 
p. 261; De Toni, Sylloge Alg., Chi, p. 724. 

Cells 30p in width, 3-5 times lojiger than broad. 

This species is likely to occur in the Salt-lake region, as it ha- 
been mentioned by Sir 1). Plain to occur in brackish water n! 
Matla, which is close to the Salt-lakes. .'\s a ruk' Conjugatae aiv 
very rare in these parts, hut 1 have also found a sjiecies ol 
Spirogyra growing vi'rv h('althily forming large cnwliions of ilri'|i 
green slimy filaments in a depression filled with brackish water. 
This species of Spirogyra is now in culture. 

IIT. Phaf.oi'iiyckar, 

( ix) Fam i ly — K nco'etja c e a e . 

32. Encoelium vesicaturn Kuetz. 

Spec. Alg., p. 552, No. 11; Records of the Bot. Surv. of India, 
vol. Ill, No. 2, p. 331. 



PhATH V. 
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(u*norjil vi('\v of the plant i'orniation on eoinparal ively drier lands 
in iiie Sail-lake rej^ion. 
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The Thallus is metnbriinaceous, leaf-liko or pol 3 'morphouH, 
sinuous with margins inflated or swollen. 

Habitat . — Banks of Canals near Salt-lakes, Calcutta. 

IV. RnoDci’HYcKAi;. 

(x) Family— Com i>sopo<]on.\crak. 

33. Compsopofjoii liridus (fhaiker) !)(> Toni. 

De Toni Sylloae Ahj., Florideae, voj. /, p. ;!8 ; Conimenta- 
tioncs AIg(d<)(ii(:(ic, IV, pi. 1-A in thr .Unininl of llir Dept, of 
Science, C. U., vul. VII; Conipsopogon Hookerii Montagnc. 
Uceords of the Bot. Suro. of India, rol. Ill, A'o. p. .j.'j/. 

Habitat . — Canal banks near Calcutta Salt-lakes, marshes at 
Matla. 

I have not found this species in salt water or lu-ackish water, 
iait I collected si)ec,iniens From fresh water pools and tanks at 
llaliganj. 


(xi) Fami ! y—Bi i ono im i vr, i . i r).\( i'.a k . 

34. Catenella Opantia (Cood. et Woodw.) Cri'V. 

Kuetzimj, Sp. AUj., p. 724; Record‘d of the Ihd. Sure, of India, 
rol. Ill, jVo. 2, p. 33J; De Toni, Sijltoge. Ahj., Florideae, ad. I, 
[ip. 318, 319. 

Fronds when young, [)rocuinhent and creeping, lorniing 
cushions, constricted at the joints, dichotomous or tricliotomons ; 
c('lls compressed ellipsoidal or often obovate, mostly 3-5 times 
longer than the diameter. 

Habitat. — Salt-lakes near Calcutta; banks of river Hughly. 


(xii) Fam i l_v- *^1 ) I'.r.Rs s kr rAonA !•; . 

35. Caloglossa Lcprieurii -T. Ag. 

Kuetz., Sp. Alg., p. 875; Tab. Phye. XVI, t. W: De Toni, 
^Ifdoge Alg. Florideae, col. II, p. 729 ; Reeorda of the Bot. Su)reij 
of India, vol. Ill, No. 2’, p. S31.. 

5 
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Frondis violet, ribbon-like, dichotomous, each segment of the 
ribbon is lanceolate, linear, attenuated at both ends, more or less 
articulate, constricted, radiating; cells oblong — lanceolate, growing 
out symmetrically. 

Habitat. — Salt-lakes near Calcutta; K'iddcrpore on walls 
covered at high tide. See PI. X, lig. 24 (a-c). 


36. HiJinmUminn P\jtjrmeam Mart. 

De Toni, Sylhxje Ahj.. h'lorideae, rot. 11, p. (iDo ; Ahj. Bcnyal 
N. 3039, ,1 . /ly. Eper., p. ; Dekusana pygmace {Martens] 
Prain. FI. of ‘Ai-Perganas, in the Records of the Bot. Sure, of 
India, vol. Ill, No. 2, p. 331. 


(xiii) Family — Rhodemefaceab. 

87. Polysiphon Brodiaeae (Dillw.) (irev. 

De Toni, SyJInge Alg., Florideae, pp. 947-49; Kuetz, Sp. Alg., 
p. <S27; Tab. Pliyc. XfV, lab. I, fig. d-f; Potysiphon periPilhitd 
Kurtz, Sj). Alg. p. S27 ; Tab. Phyc. XIV., tal. 2, fig. e-g ; Jbilij- 
si})ho)i Ibdyehotnnia Kuetz., Sp. Mg., p. H27 ; Tab. Phyc. Xl\'.. 
tab. 2, fig. e-g; Polysiptionia Polychroma Merl., Records of llir 
Bot. Surrey of India, vol. Ill, No. 2, p. 331. 

Fronds pyramidal, (eather-like, with the branches decom- 
posed, branches elongated and corticated, smaller branches ovale 
with [)enicillate I'astdcles at tlie end, having some of the I'eatlii'i'' 
like decomposed branches projecting out in sharply pointed enib; 
colls with 6-8 tubes twice as long a? the diameter of the branclief 
almost equal to thcii' diameter; the tubes arranged in a .seiies 
around the centre, the smaller ones separated from the centre; 
tetrasporangia rnoniliform on smaller branches; cystocarps ovate 
and stalked. 

Haliitat. — Salt-lakes, Calcutta, see. PI. X, fig. 25 (a-c). 
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De Toni in his Bylloge Alg. does not mention iuiy species called 
Polysiphon pohjchruma Martens reported l)y Sir David Pi-ain in 
the Itecords of Bot. Surv. of India, vol. Ilf, Nu. -J, p. 331 from 
the Sfilt-lakcs. Kuetzing however lias described a species of the 
name of Polysiphon Polychotoma, which has been included by De 
Toni in his Sylloge Alg., Klorideae, p. 917, in the species l^olij- 
siphon Broadiaei (Dillw.) ffrcv. It is thei’efore (piite evident that 
Polysiphon Poirrhroinn of Marten is probably ila' same as Poly- 
ftiphon Polychotoma of Kuetzing which is the same as Polystiphon 
Drodiaei. 


38. Polysiphon anyustissiina Kuetz. 

Dc To)ii, p. tllU), Sylloge Mo.. Floridcac, col. Ill, p. i)iU) : 
Polysiphon Ophiocarpa Knetz. Sp. Ahj., p. SIO, No. 55 ; Tab. 
Phyc. XIV, p. 17, tab. 47, jig. d-g ; llecords of the Bot. Sure, of 
India vol. Ill, No. 2, p. 381. 

Fronds bristle-like, root-like at tlu' base, branching like a twig, 
erect, rigid, all the. fruiting bodies dejiosited longitudinally on the 
(ballus, erect, adpressed, loosely racemose', elongated, the largest 
ones curved and fle'.xuous, penicillate at the ape.x; cells com- 
posed of 18-20 tubes, lower primary ones twice, sometimes 
three times shorter than the. di.'uneter; the upper ones short 
equal to the diameter or cylindrical. 

Habitat. — Salt-lakes, Calcutta, .vcr I’l. X lig. 2() (a-d). 


30. Bostnjehia rivularis Harv. 

De Toni, Sylloge Alg., Florideae, vol. Ill, p. 1157: Uecords 
of the Bot. Surv. of India rol. Ill, No. :t, p. 8:1:1. 

Fronds diffuse, feathei*-likc, with branches decomposed, 
articulated throughout, brtanches coming out in two rows or 
arranged distichously, the terminal ones, erect, sub-corymbose, 
and curved inwards; the lower ones more or less horizontal, 
furcate or somewdiat fcather-like, with smaller branches growing all 
over up to the apex, composed of many tubes; cystocarps ovate, 
situated on the transformed terminal branchlets; cells in the 
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pi'iiimrv iTiindieH coiitaiiiiiig O-H lubes sliglitly sliorter than the dia- 
meter. 

Hahiiat . — Salt-lakes near Calcutta. 

(xiv) Family — Ceramiaceae. 

40. Cernmium gradUimum Grill', et Harv- 

L)e ToHi, Sijllogc Alg., Flor., p. 118S; Honnoceras flacxidutn 
Agardh, Records of the Bot. Surv. of India, vol. Ill, No. 2, p. 

332; Homoceras flaceidum Harvey in Knctz. Tub. Phyc. XII, 

tab. 68. 

Fronds very small and fine, witlicred, with very small lateral 
dichotomous dissimilar branchlets seated on them; the branchlets 
dichotomously })ointo(l lik(‘ forceps, the lower cells 5-0 times 
longer than broad, in branchlets almost ecjual to their diameter, 
at the joints marked by a zone of cortical stratum; tetrasporaii- 
gia more or less in a whorl, towards the upper part 

protruding and naked, but in the lower part girdled by a 

cortical layer of cells, cystoearps situated towards the a])ex of 
the branchlets ; the branchlets arranged in an involucre, elon- 
gated fork-like with iiiany prongs, a])pearing like an open umbrella. 

f/u/n’/u/.- -Salt-lakes near Calcutta, see PI. X, fig. 27 («-(/). 

Harvey and not Agardh is the author of Hormoccnis 
flaceidim Harv., wdiich is included by D(^ Toni in Ccramiion 
gracUHmum (briff. et Harv. 


FERNS. 

Fami ly — Poi atoh iaoeae . 

1. Acrostichvm palnstre Bedd. 
B.P., p. 12(111; FI. of 21 Perg., />. 323. 

2. AnosHchurn aurcuin Linn. 


B.P., p. 1261 ; FI. of 24 Perg., p. 32/). 
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List of Phanerogamic Plants. 
MONOCOTYLEDONS. 

CO Family — P otamogetonaceae. 

1. Potamogeton pectinatus Linn. 

B. P., a, p. 1123; FI. of 24 Pcrg., p. 298. 

2. Ruppia rostcllala Koch. 

B. P., a, p. 1124; FI. of 24 Perg., p. 298; F. 1., vol. VI, 
508; F. S. B. P., p. 349. 

(ii) Family— G raminaceae. 

3. Phrugmiles Karka Trin. 

FI. of Sundriban, p. 360; B. P., ii, p. 1209; FI. of 24 Perg. 
p. 320; F. B. 1., rol. VII, p. 305; FI. /., i, p. 348. 

4. Mjirio.'^lachya Wightuina Hook. f. 

FI. of 24 Perg., p. 321; F. B. /., rol. VII, p. 327, FI. of 
Stindriban, p. 360. 

5. Cijnodon daclylon Pergs. 

H. S., 721 B. P.. ii, p. 1227: FI. of 24 Perg., p. 322. 

(). Zogsia piingcns Willd. 

H. S., 709, B. P., ii, p. 1186; F. B. I., rol VII, p. 99. 

Ci//) Family— Cyperaceae. 

7. Fimhristylis ferruginea Vahl. 
ff. S., 725, B. P., ii, p. 1154 : F. B. ci, p. 638 
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DICOTYLEDONS. 

(!t) Family — Ghernopodiaceae. 

i. Suacda maritma Dumort. 

Fh of 24 Pcrg., p. 267; F. B. I., vol. V , p. 15 ; F. L, ii, 
p. 62; Flora of Sundriban, p. 53S; Bengal PL, p. 878. 

(ii) Family — Amarantacrae. 

2. Alternanthera aessiliK R. Br. 

FI of 24 Perg., p. 267; F. B. vol. IV, 731; F. 1. i, 
p. 678; Bengal PL, p. 875; FI. of Sundriban, p. 333. 

(Hi) Family — Droseraceae. 

3. Aldrovanda veaiculoxn Lion. 

FI. of 24 Perg., p. 210; F. B. I., vol. 11, p. 425; F. I., ii, 
p. 112; FI. of Sundriban, p. 305; Bengal PL, p. 472. A Manual 
of Indian Bolang, bg G. C. Bone, M.A., pp. 66, 67. 

(ir) Fami I y — L egfm i no s e a e . 

4. Sesbania paludosa Brain. 

B. P., p. 404; Aesehynomene paludom Ha., p. 219; FI. of 
24 Perg., p. 199. 


(v) Family — EnpnoiunAC'RAE. 

5. Euphorbia antiqnorum Linn. 

B. P., p. 923; FI. of 24 Perg., p. 271. 

f). Agyneia baee.iformia A. -Tnss. 

B. P., ii, p. 923; F. B. /. F. 285; Phyllanthns baeciformis, 
F. I., Hi, p. 661. 
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7. Excoecaria Agalocha Linn. 

FL 24 Perg., 278 ; B.P., p. 055; F. B. I., voJ. V, p. 472 
F. I. in, p. 950 ; FI. of Sundriban, p.. 389. 

(vi) Family — Tamaiucachae. 

8. Tamarix gallica Linn, var. indica Dyer. 

B. P., p. 242; FI. of 24 Perg., p. 176; F. B. I., p. 248; F. I., 
p. 100 ; FI. of Sundrihan, p. 287. 

(vii) Family — ^I jYTHRaceae. 

9. Sonneratia apetala Ham. 

B.P. p. 505 ; F. B. ml. 11, p. 070 ; FI. of 24 Perg., 
p. 214; FI. of Sundrihan, p. 309 ; F. I., it, p. 506. 

(mi) Family — K hizoi'HORaceae. 

10. Ceriop.s Roxhurghiana Arn. 

B.P.,p. 470 ; FI. of 2 1 Perg. 211 ; FI. of Sundrihan, 
p. 300 ; F. B. I., col. II, p. ./••'Ui. 

11. Kandelia Rhcedci W. & A. 

B. P., p. 470 ; FI. of 24 Perg., p. 211 ; FI. of Sundrihan, 
p. 300 ; F. B. [., rol. II, p. 437. 

( ix) Fa n i i ly — Rf yr s i N A c e a e . 

12. Aegiceras majus Gaertn. 

B. P. I., p. 045 ; FI. 24 Perg., p. 233 ; F. B. I., vol. ///,' 
P- 533; F. /., Hi, p. 160; FI. of Sundrihan, p. 316. 
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(x) — Asclbpiadaceae. 

13. Galotropis gigantea R. Br. 

B. P., p. 688 ; FI. 24 Perg., p. 238 ; F. B. I. ml. IV, 
p. 17 ; F. I., a, p. 30 ; FI. of Sundriban, p. 318. 

14. Pentatropis microphylla W. & A. 

B.P., p. 691 ; FI. of 24 Perg., p. 238 ; F. I. ii. p. 36 ; 
F.B.I. Vol. IV, p. 20 ; FI. ofSumhiban, p. 319. 

L5. Tolyphora tenuis Bl. 

B.P., a, p. 698 ; FI. 24 Perg., p. 239 ; F. B. I., ml. IV. 
p. 42; F. I., ii, p. 41. 

(x i) 1 ’a ni i ly — CoNVo r,v u i. a ( a E . 

16. Gressa cretica Linn. 

B. P., ii, p. 726; FI. 24 Perg., p. 243. 

17. Stictocnrdia lUieefolin HdlUer f. 

B. P., ii, p. 740; FPSi^Pji’O-, P- ^46 ; F. P>. I., rol. JV. 
p. 184; F. I., i, p..46f[';M, p. 322. 

(xii) Family — BoraginaI'Eae. 

18. Heliotropium curassavicum Linn. 

Recently introduced in Bengal and reported for the first tinu; 
from India. 

(xiii) Family — Ac ant haceae . 

19. Acanthus ilicifolius Linn. 

B. P., p. 800; FI. of 24 Perg., p. 266; F. I., Hi, p. 32; 
P, B. I., ml IV, p, 481 ; FI. of Sundriban, p. 327. 
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(xiv) Family — Verbenaceae. 

20. Glerodendron inerme Gaertn. 

B. P., p. 835, FI. of 2d Perg., p. 261, F. B. I., vol IV, 
p. 589, F. Hi, p. 58, FI. of Sundriban, p. 330. 

21. Avicemvia officinalis Linn. 

B. P., a, p. 838 ; FI. of 24 Perg., p. 261. 

Economic Importance . 

Very lew plants of the Salt-lake region are of economic im- 
portance; most of the woody plants are used for fuel. The juice 
of Ea'coecaria Agalocha is suposed to l)e ])oisonous and the wood is 
used in the nianufacture of match sticks. Ceriops Eo.ibtirghianu 
yields a good tanning material and is much used for inakiing huts 
and thatches. The medicinal properties of Caloiropis gigantea are 
well known and the fruits of Sonncralia apctala are eaten by local 
people. 
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Spirulina maior 
Stictocardia tiliacfolia 
Suaeda niaritima 


Symploca liydnoidos 
,, muscoriim 
Tamarix gallica, var. indica 
Tolyphora tenuis 
Zoysia pungens 
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EXPLANATION OF FIGURES. 
Plate VI. 

1. Gloecapsa aeruginosa ; X 500. 

‘2. Clathrocystis aeruginosa ; 

(a — c) different stages of colonies, X 500 ; 
(d) separate cells, X 1,500. 

3. Oscillatoria princeps ; X 300. 

4. Oscillatoria limosa ; 

(a— b) X 500 ; 

(c) X 600 ; 

(d) X 750 ; 

5. Oscillatoria minnesotensis ; 

(a— b) X 1,000. 

6. Oscillatoria salina ; 

(a) plant mass ; 

(b— h) X 750. 

7. O.scillatoria laetevirens ; 

(a— e) X 700. 

rt. Oscillatoria simplicissiiaa ; X 700. 

9. Oscillatoria amphibia ; 

(a) X 1,000 : 

(b) X 1,500. 

10. Oscillatoria formosa ; 

(a— b) X 500. 
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EXPLANATION OP PIOUEES. 
Plate VII. 

IJ. Oscillatoria cl' suUsalsa; 

(a— b) X 500. 

1‘2. Spirulina maior ; 

(a— b) X 650. 

10. yymploca inuscoruin : after Oomont. 

14. Calothrix juliaiia ; after Tilden. 

15. Symploca liydoidos ; after Oomont. 

16. Lyngbya ciiiera.scens : alter Kuetzing. 

17. Microcoleus Chthoiioplastes ; 

(a) after Cooke ; 

(b) after Tilden. 

IH. Pandorina Moruni ; after Wolle : 

(b) X 650. 

19. Protoooccus viridis ; X 650. 


EXPLANATION OE PIOPRES. 

Plate VI 11. 

20. Bnteromorplia prolifera : 

(a) plant mass ; 

(b — e) part of the frond with hranc.lies A- branclilets 
X 10 : 

(d) Intermediate cells of the frond ; X 250 ; 

(e) cells showing the origin of brandling ; X 650 : 

(f — g) showing the apical cell and dividing cells of tin 

ultimate branchlets ; X 500. 
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KXPLAxNATlOi^ OF FlGUREy. 
Plate IX. 

‘21, Fnteromorplm intestinalis ; after K net zing. 

22. Chaetomorpha Limmi ; 

(a) X 150 ; 

(b — <;) After Kuetzing ; 

(d) X 200 ; 
fe) X 100, 


blXPLANATlO.N OK FIOURK8. 

Pla'I'k X. 

2:1. Rhizoelonimu liciroglypliicuiii ; after Kuetzing. 

24. C-aloglossa Leprieurii ; after Riietzing. 

25. Polysiplionia Brodiaeae : after Kuetzing. 

2(). Polysiplionia angustissiina ; after Kuetzing. 


27. Oeraniiiini graeilliiuuni : after Kuetzing. 
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Aquatic Vegetation of Bengal in Relation 
to supply of Oxygen to the Water. 


BY 

Kalipada Biswas. 

The a(|uatic vegetation of Bengal plays a very important part 
in the biology of lakes, pools, tanks and other reservoirs of water. 
The main point of importance lies in the supply of pure oxygen to 
the water. The oxygen supplied to the water is the result of 
assimilation of the ])lants living in the water. The maeroplankton 
flora, most of which floats on the surface with their roots remaining 
under water, such as: Ipomaea reptans^ Jussiacn rcpens^ Lcmna 
paucicosiala^ Lemna polyrrhizay Lemna frisciilay Lejnna oligorrhiza^ 
Wolffla arrJiizay fFolffia microscopic^ , Pistia StraliofcSy Leersia 
hexandra^ llijgrorpza aristakiy Coir aqaaticay Eich/iornia speciosay 
Ceratopteris thaliclroides, Salvinia cucullafa, Azolla pinnala and 
Marsilea quadri/olia, is indirectly helpful in supplying oxygen to 
the water of lakes, tanks and pools. A considerable amount of 
oxygen given out by those plants is absorbed by the surface film 
of the water, as the pvire oxygen, heavier as it is than the 
atmosphere, rests for sometime immediately above the water. Also 
the amount of absorption of a gas by a liquid depends on the partial 
vapour pressure which the gas exerts on the surface of the liquid ; 
thus the partial vapour pressure of the oxygen, being increased in 
consequence of its exhalation 'T)/ the aquatic plants, a larger portion 
of the oxygen is absorbed by the water than would be absorbed in 
ordinary conditions. But on the other hand the macroplankton flora 
must not be sufficiently dense completely to cover the si,irface of 
the water and thus prevent the layer of oxygen from being absorbed 
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by the water, as it often happens by the abundant growth of 
Eichhornia speciosa^ Pisfia species of Lemna, Salvmia 

cticnllafa ox Azolla pinnai a either constituting a pure or frequently 
mixed formation and thus choking np entirely the surface of the 
water. Again, those plants, as for example, Nymijliaea LoUcs^ 
Nympliaea rnhra^ Nyrnphaea slellata, Neluvthinm speciomm^ Limnan^ 
the mum ciidalimy Limnanlhemnm mdicnmy Trapa bispmosa and species 
of Aponogeton and Potamogelon^ which are rooted at the bottom of 
the lakes, tanks and pools supply a larger amount of oxygen through 
the stomatic pores of their leaves floating on the surface of the 
water. 

The major portion of oxygen present in the lakes, tanks and 
pools is supplied mainly by submerged vegetation, which sometimes 
reaches a considerable depth. According to Schimper, six metres 
is the maximum depth suitable for phanerogams, but Chara and 
Nitella have been found to grow even at a depth of thirty metres. 

Though a detailed ecological classification of the aquatic 
vegetation of Bengal has not yet been worked out, yet we can 
roughly distinguish four zones : first, the bottom zone chiefly with 
blue-green algte and diatoms as well as resting spores of other 
algjc and flagellata ; secondly, a zone of phanerogamic plants 
rooted at the bottom forming more or less an aquatic meadow ; 
thirdly, an intermediate zone of algic and submerged floating species 
of phanerogamic plants; and fourthly, a surface stratum of pure 
macroplankton or microplankton or a mixture of the two. 

The plants of the first zone lie mostly on the bottom mud and 
are not very important from the standpoint of supplying oxygen to 
the water, but they appear to check the growth of jmtrifaction 
bacteria. This bottom layer is also responsible for the growth of 
hydrophytes as a whole by harbouring winterbuds, seeds and spores 
of aquatic plants. 

The second zone which chiefly consists of plants submerged in the 
water, but rooted at the bottom forming a sort of meadow of either 
individual species or a combination of several species of submerged 
plants. When it forms a group of only one species, such as Vallisneria 
or Potamogeton f it may be called V ^Ihsnerielum or Potamogetondum, 
The common species belonging to this layer are : Vallisneria spiralis, 
llydfilla verhcillata, Lagarosiphon Soorbtirghii, Blyxa Roxburghii, 
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Ottelia alimmdeSy Aponogefon monostacJifjns^ Aponogeton crispus^ Pofa^ 
mogeton indicufiy Pola rogelon crispufiy Potaniogeton peciinatni<y Najas 
indicay Najas fomolaiay Najas minofy Najas graminea, Eleochans 
spiralisy species of CharOy Nitella and others. 

The third zone which gradually merges into the top layer of* the 
water is chiefly composed of al^ae either floating or epiphytic which 
are very active in giving out a quantity of oxygen to the water. The 
phanerogamic plants found in this Intermediate Zone are: Vtricularia 
stellariSy Utricularia Jlexuosay Uiricularia. exolelay Utncnlaria reticulatay 
lUricidaria racemmay IJtriciilana bifida, detached portions of Ceraio- 
pliyllum demersum and llydrilla veriicillata. 

The macioplankton and rnieroplankton floras which form the 
Surface Zone undoubtedly perform their share in supplying oxygen to 
the water and at the same time purifying the water. The common 
rnieroplankton flora of Bengal lakes, tanks, pools and klials consists of 
blue-green algae the chief of whicli are ClatJirocysiis aerughiosay 
Clathrocysiis rohasla, Anabacmi Jlos-nqnae var. circiaaUs, Anabaem 
sphaerica, C ylindrospermum dorijphorumy Arihospira plafensis and a few 
species of Oscillaloria., Of these C/afJirocysfis aeruginosa is the 
predominant species. Oreon algae forming a constituent of the 
plankton flora arc also not very uncommon and sometimes J olvox 
aureus forms a pure formation. Scenedesuius qnadrtca uduy Gomum 
pectoralcy Pediastrum duplex genniuuuiy Pednisfrum (efras, Pedias- 
trim clatrata, Ankistrodesmus fahaius, Vhlorella vulgariSy Pandonna 
Mommy Euglena sp, s[)eeies of desmids and diatoms are frequently 
found among plankton algae besides filamentous species, such as 
Trebonema bombycimnUy Vloibrix sp, Chaeioviorpha Lniuniy Sltgeo- 
cloninm sp, species of Emterom.orplia (in the Salt-Lakes) and others. 
Members of the macroplankton flora have already been mentioned. 
Some of the species of plankton algae are very useful in the self- 
purification of water and the actual process has been summed up 
in the following lines of rny [)aper on “ The Algal Flora of the 
Maidan Tanks ” : 

“ The seif.purifying oper^ion is chiefly performed by microscopic 
animals and plants after sedimentation of coarser impurities. The 
first to get hold of the impurities arc putrifaction bacteria, the action 
of which results in the production of ammonia, acetic acid, sulphuretted 
hydrogen, peptone and various other organic compounds of complicated 
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structure. These compounds are assimilated by plankton algae and 
other members of the plant kingdom. As soon as these have consumed 
the obnoxious substances, they are swallowed by small members of the 
animal kingdom which in their turn serve as food to larger crustaceans 
and fishes. It may, however, happen that ponds and rivers are so 
overloaded with refuse matter that the sanitary agents referred to 
above are unable to fulfil their obligations and that iu consequence 
of this state of things sulphur bacteria, Oseillatorias and certain 
infusoria gain the upper hand. Some of these occur so constantly in 
contaminated waters that they can be used as indicators, the presence 
of which is a sure proof of the insanitary state of the water which has 
been subjected to microscopic investigation. In the process of self* 
purification the oxygen exhausted by algae plays an important part.” 

The oxygen supplied to the water of lakes, tanks, ponds and 
khals in our country is a most important factor in pisciculture. 

The animals and plants must have suflieient oxygen for their 
respiration ; iu the flowing water of rivers and streams and also in 
the water of larger lakes, such as the Chilka Lake, the salt-lakes at 
Ennore, Madras, the Calcutta salt-lakes, there is a sufficient amount 
of oxygen dissolved in the water for aquatic organisms to breathe. 
But conditions are different in the stagnant wafers of tanks, pools 
and smaller lakes. It is in such places that organic debris tends to 
accumulate, and, in decay, overcharges the water with the gases of 
decomposition, especially thnt of carbon dioxid. Of course, whatever 
animal life is present under such conditions still further reduces the 
oxygen supply and increases the carbon dioxid. The green plants on 
the other hand during sunlight are constantly using the carbon 
dioxid for making starch and giving off oxygen as a waste product 
of the process. In this process the volume of oxygen released equals 
the volume of carbon dioxid used, so that an aquatic meadow, growing 
vigorously in a still water cove, would be very efficient in keeping 
the water well aerated and much to the advantage of all the animal 
life finding food and shelter there,’ —(Raymond H. Pond). 

Moreover, algae which are epiphytic on the leaves of submerged 
plants and also some of the algae floating in the water are useful 
in supplying food and shelter to many invertebrates. 

The aquatic meadow again acts as a filtering zone of suspended 
particles' settling ct the bottom which again is utilised by micro- ' 
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organisms lying below. Some of the larger algae are supposed to 
be favourite food of fishes. In addition to the supply of oxygen 
by the aquatic vegetation a good deal of oxygen can be artificially 
supplied to the water by the process of netting as practised by 
fishermen or by occasional agitation of the water of the tanks, pools 
and lakes, as suggested by Major R. B. Seymour Sewell, Director 
of the Zoological Survey of India, Indian Museum. This latter 
procedure would be one of the measures to prevent the mortality 
of fishes in our tanks, as pointed out by Major Sewell in his recent 
paper on Investigations regarding an Epidemic of Fish Mortality 
in the Tank in the Indian Museum Compound,'^ read at the monthly 
meeting of the Asiatic Society of Bengal, on the 5th July, 1926. 

The bulk of the fresh water plants of Bengal are algae and 
phanerogams. Bryophytes and Pteridophytes are very rare. 

A list of plants excluding algae, which are effective in supplying 
oxygen to the water is given below. The algae will be dealt with in 
detail in a separate paper. 

I beg to record my indebtedness to Dr. P. Briihl, the Uni- 
versity Professor of Botany, for his valuable suggestions in preparing 
this f)aper. 

List of aquatic plants of Bengal in relation to supply of oxygen 
to the water. The plants are classified according to Engler^s Syllabus 
der Pflanzenfamilien (1908). 


A. Ptertdophyta, 

Family I. Parkeriaeeje. 

1. Ceraioptens t/ialiclroidtfi Brogn. 

Family II. Marsileaceje. 

2. T\larsilea quadrifolia Linn. 

3. Mardlea minufa Linn. 

* 

Family III. Salviniaceie. 

4. Sahnnia ciicnllata Roxb. 

5. Azolla pinnata. R. Br. 
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B. AnOIOSPERM.!-]. 

(i) MonocolyUflonm 

Family IV. Potamo^etonacesc. 

6. Potamogelon indiciis Roxb. 

7. P. crispus Linn. 

8. P. peclinains Linn. 

9. lluppia rostellata Koch. 

Family V. Najaclaeea?. 

10. Najas indica Cham. 

11. N. minor All. 

12. N . foveolata A. Br. 

13. V. gramhiea Del. 


Family VI. Aponogetonacefc. 

14. Aponogeion inonodachyns Linn. 

15. A. ecliimtm Roxb. 

16. A, crisjms Thumb. 

Family VII. Alismataceae. 

17. Sagilfaria gnat/anensis II. B. 

1 8. Alima renifarme Don. 

19. A. oligococcum F. Muell, 

20. Limnophjim obtusifolnm Mig. 

Family VIII. Hydrocharitaceae. 

21. Oiielia alimoide^ 

22. Hydrocharis cellulosa , 

23. Blyxa Roxbnrghii Rich. 

24. FaUisneria spiralis Linn. 

25. Lagarosiphon BoxlurgUi Bcnth. 

26. Hydrilla veriiciUaia Casp. 
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Family IX. Graminaeeae. 

27. Chamaeraphis spinescens R. Br. 

28. <7. gracilis Hook, F. 

29. Leersia Jiexandra S. W, 

30. llygrorhiza aristata Noes. 

31. Coix aqiiatica 

Family X. Cyperaceae. 

32. MleocJiaris planlaginea R. Br. 

33. M,f siulosa Sclmlt. 

34. spiralis R, Br. 

35. E, capitata R. Br. 

36. E. palustris R, Br. 

FamUy XI. Lemnaceae. 

37. Lemna paucicostata Heglen. 

38. L, triscida Liun. 

39. Jj^polyrrhizalAnn, 

40. L, oligorrhiza Kurz, 

41. IFolffia arrhizay^mn, 

42. IF, microscopica Kiirz. 

Family XII. Pontederiaeeae. 

43. Eichhornia speciosa K until. 

(n) Dicotyledoneae. 

Family XIII. Nymphaeceae. 

44. Nymphaea Lotus Linn, 

45. N, ruhra Roxb. 

46. /V. sfellata Wild. 

47. Nelumhinm speciosum Wild. 

Family XIV. Ceratopbyllaceae. 

48. Cerdiophyllum dcmersam Linn. 

49. Ceratophylhim sp. 

Family XV. Oenotheraceae. 

50. Trapa hispinosa Roxb. 

51 f Jussieua repens Linn. 
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Family XA^I, Gentianaeeae. 

5^. Limnanthemum crhtatnm Griseb. 

53. L, inilicum Thw. 

Family XV 11. Convolviilaeeae. 

54. limnoea replans Poir. 

Family XVlll. Lentibulariaoeae. 

55. Utriciilana stellaris Linn. 

56. U. Jleruosa Vahl. 

57. U, exolela R. Br. 

58. TJ. reticulata S. VV. 

59. U, racermsa Wall. 

CO. ?/. hijida Linn. 


University College of Science, 
Botanical fjaboratory. 
Dated the ISrd Sepfentfjer^ 1926. 



Aeroplane Motion. 

Its Theory and Application. 

BY 

N. K. Bose, M.Sc,, Pii.D, (Gottin<jen). 

PREFACE. 

The following work is based on a presentation of actual facts 
whi(*h is a mathematical deduction of the Grenzschicht ” theory of 
Prof. L. Prandtl of the University of Gottingen. The only merit 
of the presentation lies in the fact that the results I have calculated 
in the following pa^es have been up till now at least in two cases, 
pages 77 and 02, verified and found to tally wonderfully well with 
exi)eriments. Parts of the following work have already been pub- 
lished in the Philosojdiical Magazine, London, and Die Zeitsehrift fiir 
angewandte Mathematik und Mechanik, Berlin. But I have included 
them in what follows to make it connected and comjdeto; only 
the fact of secrecy which the competition entails debars me from 
giving more exact references to them, So much has to be taken 
on trust, and I believe the bona tides of the claims that I have made 
in the following pages will not be doubled. They can be verified if 
(diallenged- 

A connection between the following parts of the work will be at 
once apparent. A theory has been deduced from some well-known 
experimental observations carried out daring recent years by Prandtl, 
Pifel and a host of others. From these series of experiments a fact 
lias been established and given a perfect shape by PrandtPs Grauz- 
schiehttheorie.” This theory of lifting-line having been established, 
I have deduced a series of relations for monoplanes and biplanes that 
lend themselves easily to experimental verification and that are of 
great use, due to their simplicity and exactness, to theoretical aero- 
dyjpamics. Up till now verifications have only been possible in h few 
cases and references have been m^tde to them in the body of the work. 
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A most important verification of one of the most important of rela- 
tions is given in a separate chapter. I hope this will convince any 
one as to the bona tides of the other assertions, A list of literature, 
references and of certain technical terms is also appended. 
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1. Lanchester : Aerial Flight. Pari I. 

2. W. M. Kulta : Auftrieb-Krafte stromender Fliissigkeit. 

3. Ergebnisse der aerodynarnischen Versuchsanstalt zu Gottingen, 

Lieferungen I and 11. 

4. Prof. L. Prandtl : Tragfliigeltheoric, I and II. Der induzierte 

Widerstand von Mehrdeckern. 

5. Dr. M. Munk : Dissertation, Gottingen, 1919. 

6. Dr. Petz : Dissertation, Miinchen, 1919. 

7. Dr. Birnbaum : Zeitschrift fiir angewandte Matheinatik uiul 

Physik, 1924. 

8. Prof. Fuchs und Ilopf : Aerodynamik. 

9. Prof, V. Kurman: IJeber laminarc und turbulente Keibung. In 

Zeitschrift fur angewandte Mathematik und Physik, 1921. 


definition of A FEW AERODYNAMIGAL TERMS. 

Angle of Attack — the acute angle between the direction of the 
relative wind and the chord of an aerofoil. 

Aspect-ratio, S. — The ratio of span to chord of an aerofoil. 

Biplane — A form of airplane in which the main supporting surface 
is divided into two parts, one above the other. 

Decalage — An increase in the angular setting of the chord of an 
upper wing of a biplane with reference to the chord of the lower 
wing. 

Drag-coefficient, Cw — that portion of the Drag of a win^^ 
which varies with its angle, . F.q., where 

Lift-coefficient, — is that portion of the Lift of a wing which 

varies with its angle. A=Ca. F. q. 

Moment-coefficient, — If a moment of all the forces on a 
wing be taken about its entering edge, then t. F. q. 
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Monoplane-— A form of airplane wlio.se main supporting surface 
is disposed as a single wing on each side of the body. 

Stagger — The amount oi advance of the entering edge of the 
upper wing of a biplane over that of the lower; it is considered 
positive, when the ujiper surface is forward. 


INTRODUCTION. 

Aerodynamics, even at the present day, is more a tentative science 
than an exact one. In it, as in every other applied science, every 
theory has to justify itself by the facts it can explain. During the 
last twenty years intensive work has been carried on in this line in 
Europe and America, and attention has been focussed on it due to 
the increased importance attributed to artificial flights now-a-days. 
But from the days of the classical theory to the present day 
Hydrodynamics has changed its character from a merely theoretical 
to a practical science. 

According to the classical theory of Hydrodynamics we are told 
that if a solid body is completely immersed in a flowing fluid so that 
its boundaries do not reach the boundaries of the fluid, that is to say, 
if the fluid round it forms a singly-connected space, then the solid 
experiences no forces due to the even flow of the fluid. But if the 
sj)ace surrounding the body be doubly-connected, that is to say, if the 
limits of the fluid be touched by the boundaries of the body, then 
Kiita and Jonkowsky showed independently of each other what was 
foreshadowed by Lancliester, that the body experiences a force 
which acts ])erpendienlarly to the direction of the free stream. In 
fact, the double-connectivity of the region round the body gave them 
the opportunity of introducing a suitable circulation about the body 
which was found to give the re<iuired lift. When we want to transfer 
this circulatory motion on to a body completely immersed in the fluid, 
we lind the double-connectivity of the space wanting and ourselves 
incapable of applying the Kuta- Jonkowsky concepti('n to singly con- 
nected space. 

This incapacity, it was thought, would be removed by the Stokes 
and de Saint Venant E^ejuatiors of viscous motion. But the results 
calculated from these equations of motion were found only to hold in 
those cases, where velocity is small and viscosity great. In the other 
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case, when viscosity was small and velocity appreciably great, calcu- 
lations failed. Then Helmholtz came with his theory of Disconti- 
nuous Motion which, though strenuously opposed by theoretical Physi- 
cists, such as Kelvin and Tate, was a close approximation to actual 
facts. Helmholtz’ Theory of Discontinuous Motion gave an expres- 
sion for the fluid thrust which falls far short of experimental ones. 
If we compare the value of the thrust on unit length of a finite 
plane of breadth 


rn / sin a .. 

I=p7r . - 

4-f-7r sin a 


with those found by experiments on a plate of small aspect-ratio, tlu* 
discrepancy is glaring, the theoretical thrust being far in defect of 
the real ones. The reason is not far to seek. The theory might give 
an approximate idea of the state of affairs in front of the piano, but 
the dead water which it assumes for the region behind is far from 
what experiments justify us to do. On the contrary, the region 
behind the plane is put into a state of violent disturbance and the 
motion inside is often opposite to that outside. The phenomenon of 
suction thus brought in accounts for the diminution of pressure 
behind the plane and consequently increase of pressure in front. 
The actual steps by which the final stage is reached are beautifully 
illustrated by a series of photographs taken by Prof. Prandtl and his 
assistants in the “ Vorsuchsansialt at Ciittingen ” and the exposition 
of the exact ])rocess by which the stable state is attained is given 
by Prof. Prandtl as follows : 

Betrachtet man z.B. den Beginn der Bewegung eines unend lieh 
laugen Fliigels aus der Jiuhe heraus, so ist sicher die Zirkulation 
zu Anfang gleich null ; da aber iiacli eiuern bekannten Salz 
in eincr reibnngslosen Fliissigkeit bci Abwesenheit zirkulatorischer 
Ki'iifte die Zirkulation anf jeder geschlossenen iliissigen 
Linic” zeitlicli uuveriindcrJich ist, muss beim Enfstehen dei 
Zirkulation um den Fliigel cin Wirbel von gleicher aber entgegen- 
gesetzter Zirculation in der Fliissigkeit auftreten, dainit der Satz 
fiir cine fliissige Linie gelten kann, die so gelegt ist, dass sie das 
vom Fliigel bestrichene Fliissigkeitsgebiet umschJingt ohne es dureli- 
zusetzen. Beim endlichen Fliigel miissen aneb sehou bei dei’ 
stationareu Bewegung Wirbel iu der Flussigkeit vorhanden sein, 
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denn nach dem Siokesschen Satze kann sicb die Zirkulation auf oiner 
gesehlossenen Linie bei der Verscliiebun^ nur dadurcli andern, dass 
Wirbellinicn gesehnitten werden. Hedenkt man abor, dass iiberall 
wo Auftrieb ist, auch Ziikulation sein muss, so findet man, dass eine 
den Miigel umschlingcnde Linie, wenn sie liber ein Flugelende 
heriibergestreift wird, notwendig Wirbel sehneiden muss ; denn wenn 
sie den Fliigel verlassen hat, so muss auch ihro Zirkulation 
verschwunden sein. Dass in einer reibungslosen Fllissigkcit Wirbel 
gebildet werden, seheint zunilehst im Widerspruch mil den Siitzen 
von Lagrange and Helmholtz zu stehn. Man muss jedoeh bei alien 
Anwendungen der ITydrodynamik, die sich auf Wechselwirkungen 
zwischen der Flussigkeit und festen Korpern beziehen, die Heibungslo- 
sigkeit dureh einen Grenziibergang von einer sehr kleinon Heibung 
aus entstanden deukeii. In der Flussigkeit mit kleiner Reibung 
ergibt sich eine Grenzsehieht, in der Uebergang von der Kdrperge- 
schwindigkeit zur Gesehwincligkeit der freien Strdmnng stattllndet. 
Dieso Schicht, in der die Rotation von Null verschieden ist, verliisst 
den Korper, wenn die Bewegung hinreichend lang andaiiert und tritt 
damit als freic Wirbelsehieht in das Innere der Flussigkeit ein.^* 

It is in this layer or ^‘Grenzsehieht^^ that viscosity comes into play, 
whereas in the outside Iluid we can apply classical Hydrodynamics 
with success. This Schicht ” is the seat of innumerable vortices 
that are the cause of all outside disturbance <lue to a plane. 


TIIFORY. 

On the basis of these experiments and observations various 
th(*ories of aeroplane motion have been built up ; of these thos«‘ offered 
by Prandtl, von Karman and Betz have been found to yield most 
satisfactory results. In the following I have drawn largely upon 
Prandtl’s conception that had to be a modified and remodelled to suit 
mathematical trejltment. 

To give this idea of Grenzschieht a mathematical basis, 
what is necessary is to divide the aeroplane surface into so many 
'‘differential surfaces that each small elemental surface may be 
looked upon as an aeroplane on which Iluid pressure is caleulaled 
independently of all other elernenls, and tlieii it is integralfd through- 
out the whole volume occupied by those elemental aeroplanes. The 
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conception is something like this : at each elemental aeroplane there 
is a circulation which is denoted by y, and from the ed^es of this 
element vortices flow off with the fluid; the strength of the elemental 
vortices is c. We can then picture the thing as follows : undereach 
differential aeroplane there is a vortex of strength y which is fixed 
with the element and from each element a vortex-line is flowing off 
with the liquid whose strength per unit volume is so that the 
aeroplane becomes the seat of innumerable fixed vortices of strength 
y per unit volume, and from the aeroplane free vortices are flowing 
off with the liquid like ribbons with strength ^ per unit volume. 

The vortices that go along with the fluid have been called “ free 
vortices,’^ and there remains another kind of vortices with the aerofoil 
which is denoted by fixed vortices.” Thus “ fixed vortices” with 
the plane and free vortices” flowing with the fluid form a concep- 
tion of aeroplane motion starting from which we shall see how the 
presence of a plane influences its surroundings. In fact, for all 
practical purposes we can take away our aeroplane and look upon 
the fluid as scattered over by vortices according to a certain law which 
is determined by the geometrical dimensions and perspective of 
the plane. 

The innumerable bound vortices” which may for all purposes 
replace the plane will be supposed to be rei>resented by a single line 
vortex which runs through the Centre of Pressure of the plane and 
ends at its extremities. This single line vortex will be called in the 
following the ^Mifting-line ” Recently Dr. Birnbaum has suggested 
a modification of this theory of single line-vortex in the Zeitschrift 
fur angewandte Mathemalik und Mcchanik, 1921*. In this he has 
assumed that the distribution of the bound vortices along the breadth 
of the plane is not uniform, but varies according to certain laws. 
In other words, he has taken the single line vortex to run through 
the centre of gravity of the hound vortices rather than through the 
C. P. of the plane, lie has, however, not calculated the corrections 
introduced by the modifications. This, it will be seen (page 95) 
will explain the small difference that still remains between my 
calculated values and those found from experiment, 

Since the lift on the plane is found to decrease from the middle 
to the ends and since the lift is proportional to the circulation or 
vorticity of \he “ lifting-line,” we may suppose the strength of the 
vorlex-line decreasing from Tq at the middle to, zero at tlie ends. 
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Then according to the theorem of Stokes that by displacement of a 
closed curve round the vortex the circulation f can only change, if 
a corresponding quantity of vortex-lllaments are cut, vve must assume 
that vortex-filaments proceed off from the lifting-line. For a j)ortion 
of the line of length dx the vortex strength is therefore to be written 
{d[-ldx)dji and per unit length of the line {d^'jdx). 

This straightforward deduction from the Stokes Theorem can be 
put somewhat in a different way. We su])pose a vortex filament of 
strength f, with a right-handed screw rotation coming from inliuity 
behind the plane, meets the lifting-line at a distance x from the 
middle of the aeroplane to the right of the pilot. This filament 
then turns towards the right, forming a part of the lifting-line, goes 
a short distance dx along it, and then turns again to the right to 
leave the lifting-line and to go to infinity parallel to its incoming 
limb. Then anotlier filament of strength f -{-df travelling from 
infinity in the same plane as the former one (here taken horizontal) 
meets the lifting-line at x + dx and behaves as its predecessor did. 
Thus we see that at every point of the lifting- lino a filament of strength 
r goes out and one of strength p comes in, leaving at every 

point of the line a vortex of strength df coming in, and adding to 
the strength of the single line-vortex which will have strength 
=r. The vortex filaments flowing off, closely side by side, 
form, taken as a whole, a surface like the liguie which is known as 
Vortex Sheet. 



The strength of our vortex sheet remains unchanged during the 
whole flight, yet the sejiarate p«n.rts of the sheet influence each other, 
and there takes place a gradual rolling u}> of the sheet. An exact 
theoretical investigation of this phenomenon has not yet been made; 
it can be said that the two halves of the sheet become concentrated 
more and more and finally at a great distance from theiwing there 
remains a pair of vortices with a rather weak core. As a 
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first approximation I have not considered the latter development 
of this sheet of discontinuity which has been assumed, neglecting 
its small inclination, to run off from the lifting-line parallel to the 
free direction of the stream. 

Various expressions for the law according to which the lift or the 
circulation varies with x, i.e., with the distance from the middle of 
the plane, have been suggested. It is evident that it depends on the 
aspect-ratio and the j)erspective of the plane. A remarkable distribu- 
tion of circulation was found in the form 


=r. V'- 


where To is the circulation at the middle and the half-span of the 
wing. This distribution is known as the Elliptic Distribution. One 
of its peculiar properties was found by Dr. M. Munk in the fact 
that it gave to a monoplane the smallest drag possible for it with 
the lift, the span and the velocity given. Dr. Betz afterwards sugges- 
ted a distribution 




where ^={xll). This was only a generalisation of the previous 
equation. But very little work has been done on aeroplane motion, 
either on the basis of the general or particular formula. All the 
previous workers have confined themselves to the comparatively simple 
case of r uniform over the whole span (jf the wing and dropping to 
zero at the ends where two vortices are assumed to trail off. This 
fact, apart from any other flaw in the theory, has vitiated the previous 
results to the extent of 80% to 5(1% . Another fact that commends 
Elliptic Distribution to our notice is that all observed distributions 
of lift deviate in most cases but slightly from it, so that results 
calculated with this can be expected to give a very good approxima- 
tion to actual facts. 

In tbd following, consequently, I have alwajs considered Elliptic « 
Distribution, 
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Lift and .Djxkj. 

On the above assumptions the force on each diflerential surface can 
be written down as p{yX ;^) per unit volinne, where p is the density 
of the fluid, y is the voriex-strengtli at that element and is tlie 
velocity of the fluid at that element, so tliat tlie force with which the 
aeroplane must be held ^o keep it fixed is given by 

(yX d'f'dyd:, 

wliere the integiation is niroughout the whole^vnliinie filled by the 
vortices. 

Now let us suppose fhat tlie bound voif ’ces give rise to a velocity 
Vj in the fluid and the free vortices € to V„, so that 

SO that V'^ is the velocity superimposed on the pure lluid due to the 
presence of the aeroplane with its vortices. Since y + c gives rise to 
the velocity V*, then 

y + €=curl V'^=VxV=^; 
also we know that V is constant, so that 

VX V=0; 


and since the fi’PO vori ices are flowing off wit h flu' liquid so that the 
axis of c is always parallel to ;//>, 


cX;/Pr-0 or ( V X Vg ) X 

so that 

= X }ff)dxdijd: 

=A>//A V X V J X ( Y + V^)d id yd: 
^ p/J/( V X V * ) X ( Y + Y*)d idyd:. 

since (V X Y.^) X = 0 


=p/J/( V xY=^)xYd.rd?/d:+p///lV X\^)xV^d.dijd:. 
Now the first integral can be written 

pr///( V X V*)d:f,hj<h] X V =,,[ r + K) X V 

where and E are single equivalent vortices fhat can replace tlie bound 
and the free vortices respectively for all purposes. 

For the second integral 

I =?///( V X Y*; X YVW//^/: 


I 
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we have from the following properties of vector analysis 
( V X V*) X V*=-V* X (V X V*) 

= _ ( ) V 4- (V*. V ) V* 

=:(V4V)V*~5 V(V* V*). 

If be th(3 coiii])oneiits of V* along the three co-ordinate 

axes and /, j, k be tliree unit vectoi\s along these lines, then 


(A X V*; X V*=( + <’*^“* + 

\ o - ay 


dy 0 .: / 


■I « +"^' -a . V 


dy d: 


\ 9 ^ oy O- 


)a—iV (7 


where q* is the scalar value of V*. 


Hence 






yh<ly<h 






d.. dy 3: 


^ (/ 1 tlyJs 


• I jjj V (,q*'‘)dxiJy(lt, 


t 

= JJJu*^^(ljcdydg+ JJJv*^-dxdydz 


dxdydz. 



AEROPLANE MOTION 


6 ^ 


Integrating by parts, this is 

+}f{>^*^<’*-fn*^^dz j d..dy. 

Now if wo (•onsider an elenieiii. of snvfiioe d.f at {x, y, z) and if 
1, 771, n be ibe ilivection eosines oi its noriruil 


til at 


JIK 


dydz — d:d .‘ — inds^y d.i dy — 7ids^ 

^ d.nlydz 


+ 0 ^ -- +//’* ^ 

0 . 1 * 0 ^ d: 


=JJ l>,*^mv* + HW^)»*d^- g"',*+ 0^+^*) »*d'dydz. 

As the li([uid is hoinogeiieoius and incompressible 


0 ft* 0 r* , 0 fc* _ 

0 . 7 -’ dy 0 ' 

Hence 

1 — J/( / -f 7? r* + 7Z //;* ) (/zt* -f y z** + Azz?* ) f /5 — Ifff V ( 7* * ) , 

Avliore the siirbice iidegval is over a siirfare enclosing all the vt^rtices 
and the volnino integral tliroiighoiit a- space covered by tlu^ vortices. 

Now V (7*" ) =27* V (7* ) 

* + 2/. JJJ'l* duledy 

^ ^ //^7* * ds +7 JJ az 7* ' dfi 4 A’ JJzz q* '^ds 

, =;/(// + nzy>/z/;) 7 *b 7 s = .fjN^/*b/v, * 

where N is the unit nornml vector to tlie element ol the snifa(-e dg. 
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Tlierefoi’t* 

[ =//( In-^ + mv ^ -f nw^ )Y^Js - J/JNf ?* * ds ; 

then 

/i=:p( f 4-E) X 

Now 1“ is ‘ p/ ’ of the Kufcta-Jonkovvski formula for lift, so that 
(p{ r X V) is a force perpendicular to V, and according to Prof. Gibbs’s 
conception, if V be horizontal, from left to right, and f along tlio 
length of the aeroplane from behind forward, then the force is vertically 
downward, hence it is opposite to “ lift ” and equivalent in amount to 
it. The force p(h]x V) is also per])endiciilar to V, hence its compo- 
nent along V is zero and, it being of a higher order of small quantities, 
p(r xV), its effect on the hitter force, i.c., the lift, is negligible. 
Hence to a hist order of approximation 

Ex V-O. 

Now tl)e integral pfffiy ^)di(ly(l': is to be integrated 

throughout iho whole space covered by the vortices. But if wo 
extend the limits of integration so as to make them infinite, 
we do not tlieroby change the value of the intogi*al, because 

outside Hie spac.'C where the vortitJcs are tlie value of the integrand 

is zero, as at every point thei'e y=0. So we can take all the 

integrals over inilnite space. For the surface integrals let us 

assume that we enclose the volume by a cylindrical surface and two 
parallel planes so that the axis of the cylinder is parallel to V and 
[)asses through the aeroplane and the two planes, one A, is in front 
of the aeroplane and the other is bcdiind the aeroplane and they 
are perpendicular to tin* axis of the cylinder If now we take tiu* 
radius li of tlie cylinder very great, both the surface integrals would 
vanish over it, since the velocities are of order (l/ll^) and d-s of order 
11“. Also the value of these two .surfac<; integrals over A, vill 
vanish if we take Aj sulliciently far off from tlie aeroplatie. As to 
the values of tlie.se integraks over A^ we must remark that the 
velocities 

qXr y-X- y^-X- y,>r yy. X* 

arc composed of (wo parts; one is due to the bound vortices and the 
other one to the Free vortic^es, so that 

7* - * 7 1 d" 7 2 ’ ^ — V i + V ,4 , a* = ^ 4" » 
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Now we yee that as we move the plane A,, further and f art he? 
away from the aeroplane always parallel lo itself, the quantities 

f/* V* V* iv^- 

approximate more and more to 

^2 ^2 ^'2 ^'2 ^^'2 

and the influence of the. hound vortices hecoines feeblei' and feebler 
that ultimately, when the plane A., is far off enough from the 
a(u-oplane, we can take with suflieient degree of approximation 

and the surface integrals become 

N(‘w 

//t.j 4- 1/2 e a -^n w^ 

is the com])onent of the velocity due to the free vortices normal to A ; 
but we have so taki-n the plane Ay that it is [)or))einlicular to V, /‘.e., 
perpendicular to the direction of . the vortices which are parallel to 
each other and to V when far off from the aeroplane, so that the 
normal components of the velociti(‘s generated by the free vortices 
are zero, i,e., the first of Uie above two integrals are zero. Hence 
we get 

Thus we see that, to keep the aeroplane in position, this force /•' 
must be applied on tbe aeroplane, wbicb easily resolvrs itself into 
t ,v(> parts perpendicMilar to each other, 'thus tbe air force on the 
aeroplane can be resolved into two parts ; one is wliat is called 
Lift and is C(|ual to 

ptrxV.) 

and is perpendicular to V ^ and upwards ; whereas tlu* other portion 
is wiiat is called Drag and is etjtial to 



tiHnd is parallel and in the same direct it»n as V. From this expression 
of drag it is at once apparent that the drag is exactly equivalent to 
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that ])Oilion of the v.uvr^y which is flowiiijjf off with the fluid in the 
free vortices and will ultimately he disscipated into the air as heat. 

The expression for Lift 

r X V ' 

was known before, havini*’ been found by Kutta and Joiikowskv 
independently of each other. 

My expression 

hpKjfqhls 

i^ives for the tirst time an explanation for the j)heiioniLMia of Dra^ of 
a viscous fluid. It has always been vaiijuely thought that Dratj 
must be due to the part of the energy which is beinj;’ carried off by 
tlie iluid. But the above treatment proves it courdusively. 

Tn the above and in the followiiii^ pai^es the whole effect of tlie 
aeroplane motion has been divided into two par(s — one due to the 
viscosity of the medium and the other due to tin* presence of the 
jdane in the m(‘dium. We liave seen that the effect of viscosity is 
eontiued to the ‘ (irenzschicht,’ which is small in eonij)arison with the 
other effect — niv remaining work luun^ (‘On lim'd to this. Prof, von 
Karman has heeii doin^ a ^itreat deal of work on the viscous effect. 


fn (I fired Veff)Cf(jf. 

VVe know that lluifls have a s >rt of visco-it) whlith i;’emu-a]ly makes 
itself felt in iht; immediate neit^hbourliood of ;i siiifaci; over which 
the fluid passe.s. Thus when tht; flowin:^ jlui<I strikes an ohstach^, 
the layer of iluid in coiitael wit'u tlu^ hodv is l)roui]jht to rest, (he 
next layer has a small 8li[)piiij^ velocity, the next layer a little luL^her 
velocity which from layer to layer increases to the velocity of the 
free Iluid. ft is this series of layers, whosi' thiekuess is veiy small, 
that is called (frenzsehicht ; and it is in this laye ; that viscosity 
comes into play, wheieas in tiie outside fluid we can apply classical 
Hydrodynamics with success. Prof. Fuchs nunarks in this connection 
that Wir werden aher stdien (la.ss diese beideii (lebicte fortwiihreiid 
aufeiiiaiidcr oinvvirken, indem die freio Fliissi^’koit die Drucik- 
verhjiUniss\i in der t ; jcnzscliicbt rci^clt und dii‘ (Ireozschielit ihrerseit^ * 
fortwiibieiid die JStrbnuui^, haupfcsachlich hinter dem Korper, 
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(laclureli iinio(‘staltet, dass von ihnen aus Wirbd in den frcien 
K1 lissi gk ei t sraii ni h i na ii sgelien 

Thus we i«<‘e that, neglecting smaller (]nanliti(‘s of higher order^ 
the viscous effect, /.e., the effect due to viscosity, and tlie induced 
effect, th(^ effect duo to the jdane, might be superimposed linearly 
and the eonibinod efft ct t aloiilated. In what follows I have considered 
induced effect only. 

We h:i.ve aln-ady seen that we can replace the plane by a single 
line-vortex (*alled lift ing- lin(‘ ami a series of free v^ort ices trailing 
off from it. Tjct A be the 
point in the fluid at which 
induced etfects are to be 
found. L(‘t () b(‘ the foot of 
the ])erpendicu]nr from A on 
tbo vertieal ))lan(‘ ibrongli 
the lifting-line OX 

is drawn parallel to LTj', 
the plane (AX, OY is hori- 
zontal and parallel to the 
vortex sheet- TjfJL', it. Let 
tin' co-ordinates of A with 
reference to O be (r, //, ) and the distnnce 

nv-r, TA--/’, i)V-a. <0\\\=a, <]U)P=p. 

At V we have' asMimed a vortex f coming in and going out at the 
extremities dj’ of an elennmt of the lifting-line. The incoming vortex 
at V generates at A a velocity which, when resolved along the three 
axes, is 






r = {) 


H'- 


ff 

\TTa *■* 



The pair of vortices at P having the same strens'th, biii different 
rotations nvoduces then a velocity which can be written as the 
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(liffereiioe of the effects of the two vortices at P whicli are close 
together. 

dH^z=- dw,--%^'de. 

o -r 

To these we shall have to add the velocity imposed by the vortex 
element dx at P 

du^=o. di\ = -^^:~ dtv^=S^.y 

47r r® 4tTr 

lienee the velocity at A due to the complete vortex at P is 


In-. 


r Til - \ I 2B 1 

L- J + - — -PJ 


r (Ir cos a cos /i 
W r* 


[(1 + , 

47r L 


sin a) - 



The elemental velocity * dn ’ shows that the llnid, which before 
the introduction of the plane was flowing in the direction of the 
y-axis, has now a velocity in the direction tiie length of the 
plane ; that this is the case is proved experimentally and will also be 
clear, if we consider the (low in the immediate neighbourhood of the 
surface of the wing. Since the excess of pressure below the wing 
and the defect above it must vanish as one goes beyond the side 
edges of the wing, there must be a fall in pressure near these edges, 
which is directed outward on the lower side of the wing and inward on 
the upper. The oncoming How under the influence of this pressure- 
drop, whilst it passes over the wing, will receive on the lower side 
an additional component side-ways and outward, on the upper side 
inward, which docs not vanish later. 

The component ^ dv * is very small in comparison with the velocity 
V of the free stream and generally its effects are neglected. 

The elemental velocity which when integrated over the entire 
length of the wing gives the complete downward velocity of the^ 
fluid at A due to the presence of the wing, plays an important part 
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in determining the behaviour of a monoplane and biplane. This 
downward velocity is technically known as Down wash. 

Aerodynamically “ Downwash is much more important than du 
and dv ; and I have considered ^ dw ’ only in the following pages, dn 
and dv otTering less difliculty and interest. 

Substituting in the expression for ^ dio^ 
r V'l— I®, where 


and integrating over the whole span of the wing, we get 


whore 


= ^ ( »' , + iC 4 + + «• j + W 5 ) 

•i?r 











-e 








y.-M-e) 

If now we make a few substilutio'.is and an assumption wliich is 
quite justified in aerodynamical calculations 


V=X-^ + (l-r)». A= Al-e)e’ + (^-r)’'j 

and 

/X* < [v+a-v)*], 

3 
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we get 


i^J’ V* ' 


■> i» j y -i • 


’ /* y ^ v 'Av ■■’v ’v" ^ (%)’ v”j 

,. --!Lf (^-•')’(lr^‘) + 

I'J v* ■ V V “v " V* 

-1 

V i2?i * \ 

•••• #0 

’ /‘ y V’ A V V H v» A 


...+(-l)’ 


3'5...2« + l 
2-4...27!.''‘ V” 


Substituting these values in the expression for ‘ w ’ and arranging 
in ascending order of /u, we get the imluced velocity at A 

ro^r^Y* _ I _ <‘J _■] 

W L iv ” V’ ■'''l-i'* J 


r«_/r 2 xv/ 1-^“^ r' (^_„)>(]-^*) dn 

tTT L !■' y V’ ■ A /"y V' ' aJ 

-i -J 


[vr 

2xv*n-^’ 


dn 


•^TT L 

z” y v’ ’ A “Zv 
- 1 

v» 

1 

A J 


1 

r/ ,,.ij(n+nx>” + 'l* 

df) (2»-i)r' 

'l-^* 

d^ 


L' i> ■ - • ;s' 

2-4 271 J 

y» + . 

1 

■ A 


• /x'”+‘ 1-3-f) (2»-l)/-V^-v)»(]-^») dn 

<•' ' 2-4.. ..., 2 n y ~V"+» ' 'aJ 

-1 
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In aeroplanes without any stagger the part of the induced velucity 
which is most important is given by tlie first term of the above 
series. It is the induced velocity in the vertical plane through the 
lifting-line. We shall denote it by ^ Hence putting /x = 0or 
j/ = 0 in ^ ^ we get 

47r L ^ (^— I'J*'* I*** * 


2 f ^11 n 

/V^ V"* ’ J* 


Our ]>resent problem now reduces itself to finding the values of the 
ai)Ove two integrals. The whole process of integration will not be 
shown, but a few steps will be indicated in the following. 

If we substitute in the first integral of the above expression for 

7+y 

1 + 7//’ 

with a relation for q in the form 


v\e obtain 



A*-f 




where 

and 


A:=X»+(v-7)‘^ 

B=/V7’'+(1-^7)*- 


The relation for ' q ’ shows that tliere are two values oi ^ q \ one 
greater than ' / ' and another less than ‘ l\ both being of the same 
sign, positive, and one being reciprocal of the other. We shall take 
that value of q which is less than ‘ I \ as the other will make the 
integral imaginary. It can eas'ily be seen that one part of the above 
integral is zero, while by substituting 



v— <7 \ ^ 


)■ 
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the other part can be written in the form 

X^(l-yV^f 1-v* 

+ l-A* l^(l + my'' ^l-y* 


Writings again 


?/" = 


l + m— m.c* 


the integral reduces to 


x*r '-i-_ 


. ’T. 

A*Jni+«0’' ^ 


For the other integral with the same substitutions we get 


1. ^ 


A*t*(l + w) 


V / d-’; 


dx 


i*A®(l+m)^(jn + (7)* 

(!-<!■ Z , .+ _U rJllL, . 

Hence the whole expression for ^ with the substitution 7/i=:taii*a 
becomes 


U J 
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If in this expression we put 

r- 

' 7rpV.2l 

for Elliptic Distribution, where A is the lift and 

A = . F . ^ = C, . 4/^ . , 

where 'It is the breadth of the plane, 


then 




]• 


where is the lift-coefficient, .v the nspeet-ratio and the 
velocity of the win^; and the (piantiiies remain constant for a wini: 
so Ion" as its angle of attack remains constant. Hence 




C(rs a 


In the expression for (piantitios X and v are independent 
variables. For particular values of we might construct — r) 
curves. These curves have been plottetl and published in the Zeit- 
sehrift fur angewandle Matheniatik and iMechanik, 10*24. They 
tally remarkably well with those ))I(dte(l hv Prof. Prandtl experi- 
mentallj" and published in his paper Der indii/iertc Widerstand des 
Mehrdeckers. 

The peculiar property of a constant induced velocity over tlie 
whole span of the wing deduced by Dr. M. Munk can be easily seen 
from the fact that on the wing A=0, and because 


- m 


= 0 , 




which is constant over the whole span of the wing. 

It is apparent that the downwash hv^y which is measured positive 
downwards, can become neg?itive for certain values of A and y; and 
this reversal of the intrinsic characteristic ot‘ downwash is expected 
to occur towards the ends of the wing. This theoretical deduction 
of mine has been verified experimentally in the Aerodynamische 
* Versuchsanstalt zu Gottingen. 
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The Induced Angle of Attack 

We have seen before that, ovviny; to the vortex-system of one wing 
of an aeroplane, the velocity-field near the wing is disturbed, and if 
in this disturbed held we bring in another wing, this wing will find 
itself in a flowing system of fluid whose stream-lines are no longer 
as they are in an undisturbed system, and consequently we can 
anticipate a change in the lift-capacity and the drag of this second 
wing. In fact, it has been amply verified by experiments in the 
Aerodynamisehc Versuehsanstalt in Gottingen that the lift-capacity 
of a biplane without any stagger and deealage is decided by less than 
the sum of the lift-capacity of the wings. In fact, a transformation 
formula was suggested in the “ Ergebnisse der Aerodynamischen 
Versuehsanstalt vax Gottingen ” Lieferung I; but when this formula 
was put to the test, it gave results which fell from thirty to fifty 
per cent, short of the experimental result. In this part of my paper 
I have suggested a new transformation formula which has been 
found to yield results in almost perfect agreement with the experi- 
mental ones. (See page Ofi.) The importance of this formula lies in 
the fact that it is the angle of attack of a wing with reference to 
which all its measurements are tabulated; another utility is the ease 
witli which it allows the angle to be theoretically calculated, without 
going through a series of very exact exjieriments, from the experi- 
mentally determined angle of attack of a monojilane. 

The basic princi[)les jf this transformation are as follows: — 

It is assumed that a wing experiences the same lift as in an 
undisturbed air-stream, if it cuts the stream-lines of the flow disturbed 
by the other wing in the same manner as a monoplane wing cuts 
the straight stream-line of the undisturbed How. As is easily seen, 
the wing-profil must he in general slightly turned and its curvature 
slightly altered. By the rotation of the wing the direction of the 
resultant air force acting on it is turned through an equal angle. 
Furthermore, since the curvature of the stream-lines near the second 
wing will be altered, the point of pressure will also he altered. 
We shall now examine these effects one by one and express them 
(piantitatively. 

As is generally known and as has been referred to before, the down- 
wash of a wing modifies its own lift-capacity, its angle of attack 



AEROPLANE MOTION 


79 


through an amount given by tanr'^ 


V 


where ^ is the down wash- 


velocity on the wing and V the velocity of the free stream at infinity. 
But when this wing comes into a region already disturbed by the 
presence of another wing, its lift-capacity for the same geometrical 
angle of attack suffers another modification. It has been found 
experimentally that , the lift-coeflieient, is a linear junction of the 
angle of attack, and when the length of the wing is infinite, theory 
gives us for a oircular wing of unit breadth 


Ch.=27r 

where the angle of attack, is small and \ is the Wblbungswin- 
kel/’ '/.e., the angle which the sectional are of the wing subtends at 
its centre, so tliat 

siii 

where 2 Ms the sectional chord and K, the radius of the arc. Now 
this angle of attack aoo, which is called the angle of attack fora wing 
of unlimited length, cannot be found directly from experiment-^, as 
when the plane is of unlimited length, the downwash, as we have seen 
before, is absent, so that the angle behveeii the cliord of the aeroplane 
section and the direction of flow of air current gives the angle of 
attack ; but when we have to do with a finite length of the plane, 
this downwash comes in so that what is the real direction of the 
current at infinity at a very great distance from the plane) is 

no longer the real direction in which the air-eurrent strikes the chord 
of the plane and the geometrical angle of attack is consequently not 
the real or effective angle of attack of the aeroplane. So in the 
case of a monoplane, when we have to calculate the lift from the 
geometrical augle of attack, we have to transform the geometrical 
angle of attack, which is measured from exj^eriments, to the effective 
angle of attack at which the wind really strikes the chord. This 

formula of transformation is 

• • 

“k V’ 

» 

As we have remarked at the beginning, as soon as a plane is set 
in a stream of fluid flowing steadily in one direction, the stream-lines 
of the flow modify themselves so as to embrace the plane completely 
„ and assume a curvature which varies from point to point. •If now in 
the region of stream-lines of varying curvature we introduce another 
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plane^ its geometrical aii^le of attack will differ furthermore from its 
effective anj^le of attack. In fact, the diminution of the angle of 
attack is due to two causes, which are connected with the curvature 
of stream-lines. Tlierefore if a be the geometrically measured 
angle of attack, Le.y if a be the angle between llie chord of the second 
wing and the direction of V, then due to its own downwash this angle 


will suffer a diminution of tan"^ , and now, as it acts as the second 


wing of a biplane, its angle is again altered by the induced downwash 
of the other wing, the effect of the curvature of the stream-lines and 
the effect brought about by the consequent shifting of the centre of 
pressure. 

First Effect: Effect of the curvature of the stream lines on the 
angle. 

Suppose we have three planes 0, 1, of which 0 has no 
curvature, 1 has a curvature 
1/il, and 2 a curvature of 
1/R,^. It has been found 
from experiments that the 
relation between Ca , the lift- 
coenieient, and a the angle 
is given by the accompany- 
ing ligurc for 0, 1, 2. Thus 
it is apparent that 2 has a 
smaller angle of attack t])an 1 and 1 a smaller one than 0 for the 
same lift-coefficient . This fact can be theoretically expressed 
by the relation 





C.,.F.pe* =:27rp/p- 


si n (a + /IJ 
eos (/i/4«) 


If denote the heiglit of the middle point of the arc from tliat of 
the chord, then 


and 

f 1 



Hence 


R, 2 



=27r 




) 
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From this it is apparent that if we want to have the same lift- 
coefficient Ca for the three planes, the ani^le must be diminished by 


amounts for 1 and 


for ‘Z, Thus when the stream-lines are 


straight, the effect of the curvature of the plane is to diminish the 

angle for the same lift-cooificient by ^ . 

If now we want to iind the effeet of a curvature in the stream- 
lines on a plane wliieh has also a curvatiire of its own, then 
If 1/R be the curvature of the stream-lines and (1/RJ that of the 

plane, the effective ruirvature of the plane is only ^ ^ . By 

It ^ It 

effective curvature is meant the curvature of the plane which is 
elfective in bringing aboul a diminution of the angle of attack. 
Therefore in this case, when a curved plane finds itself in a stream 
whose st ream-lines liave a curvature of their own : to have the same 
lift-coefiicient Ca , as it had when the stream w’as straight, the 
angle must be diminished by 


' f -- - M 

2 V R, R/ 


Thus the geometrical angle of attack of a plane which has a 
curvature of its own and finds itself in a curved stream must be 
diminislied bv 


/ _>( 1 _.i \ / . 

21^, 2\R, R/ 2R 


This is tin* correction in the angle due to the curvature of tin* stream- 
lines. 

Second Effect : Effect of the shiftijig of the centre of pressure of 
the plane on its angle of attack. 

The point where the whole force of the stream acts on the plane 
is called the centre of pressure, and if ^ .v ’ be its distance troni the 
middle of the plane measured, along the chord of the section, then the 

diminution of the geometrical angle through this shifting is In 

aerodynamical experiments, by the geometrical angle of attack is 
?inderstood that angle which the undisturbed stream-direction of V 
makes with the chord joining the extremities of the sectional are of 

4 
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the plane. In the case when a=0, the front and rear edges A and 
II of the ])]ane of infinite length lie in the same horizontal line. 
If, however, instead of a horizontal . stream an inclined and curved 
stream of fluid flows in, we shall have to loea^<> the edges on this 
stream-line. The chord AH is always parallel to the tangent to the 
stream-line at ]\T, the middle j)oint of the are. The inclination of 
the tangent at 1)^ (which is vertically over the C.P. of the lower 

witjg) to the horizon is tan and the inclination of the tangent at 

M exceeds this by . 


Thus we see that, if be the geometrically measured angle of 
altack of tlie second wing of a biplane and if denote its real or 
effective* angle, /.<?., is that angle which will give the same lift to 
a j)lane of the same dimensions but of infinite length, and if w,, 
bo the velocity of the fluid which the np})er wing generates on itself 
by its own downwash and if ///^ be tlie corresponding velocity gene- 
rated by the lower wing oti the upper and if Y be the velocity of tli(3 
stream at infinity, then 


=a^ -f tan' 


V ^ V ^ 2R ^ 


If now be small in comparison with V, which in reality it 
always is, tlien 


and N* cjvn easily be put in the form 

/—s= . 2/, 

where Ca and ('m arc the lift- and mornont-eocfiicients of the wing. 


(L^ z-a 4- /I 4- -i3 -L 

D ^ \r ~ ^ 


2R 


=:a + I 

V ^ V ^ R 


( 

( 





=“w + 


■Wn 


2t 

ir \ ( 


c., 

c„ / 



AEROPLANE MOTION 


83 


In the former section we have found an exp»ession for the induced 
velocity at any point of the Huid. There we have seen that m 
varies from point to point of the fluid, so that the inclination 


</)=tan”^ 


w 

V 


V 


of the stream-lines varies from point to point also. Therefore the 
curvature of the stream-lines in the plane perpendicular to the 
length of the wing is given by 

1 _ 0 1 6 

il~^ 0y ~ V 0?/* 


W(i would do well here to remind ourselves that the stream-lines, 
strictly speaking, are not plane curves, because the component of the 
superimposed velocity of the stream in the direction of the length of 
the wing brings in at different places different contributions, so that 
stream-lines are no longer plane curves but space curves with double 
curvature. In what follows we shall neglect this second curvature. 
Again, we shall here restrict ourselves to finding the curvature of 
the str(‘am-lines as they cross the vertical plane through the “ lifting 
line,^^ Z.C., 

i f dtc\ 

Ho V V dy /v o . 


We have seen on page 71 that w can be expressed in a series 
of ascending powers of /•, Hence differentiating ic with respect to 
y and putting 


( _ 

V dy 


y = ]fi=:0 

we get 


1 


1 

r r 



" L /• J 

V'' A l'‘ ■ 

J 


' A 


n. 


Now dropping the suffix of — r- we get 


.1 _ 1 / 0 «' \ 

R V \ dy A 

_ror;^'r 

1 r - ■ - 1 

- 1 , J- 
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We have now to integrate the above two integrals. For the first 
integral, making the substitution 


l+qy q v 


we have 


2\^ r 1-^2 ii^ 


5 J 


(] +my'^y ^ (1 + 


where w and A have the same meaning as before. Again, substi- 
tuting for ;/ 




this integral reduces to 


4A*(.l.— A* 


1 




m T a m — 

and ■ • 


If now we introduce the following notations 




_ r xd.,-. 






and in general 


"*-y ' 


then the first integral reduces to 


1*A3‘ 
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and the second integral to 


Z*A2 


where 



It will be seen that the integral denoted by is the complete 
Elliptic Integral of the first order with the modulus k. It is 
generally denoted by F. The complete Elliptic Integral of the second 
order with the same modulus is denoted by E. Hence we may 
write 



dr 




ilr, 





= (F- F/)/k\ 


For expressing 

in terms of F and E the following reduction formula will be of use 
If we put 


<1 

clx 




+l 


VX d c 


X' 


— A-Vt*) 

-(1 + A’X»--2) 


+ (r—3) 


^{l-x*)(i-k*x*y 
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Intej^ratin^ both sides of the identity with reference to .r between 
the limits 0 and we have 


0-(r-l 



d.r. 



dr. 

^^X 


+ 



dx 


so that 


( r— — (1 — (r — 


We know that 


and 


U^zr. 


F-K 


and from the above 


5/c*n,=4(l + A-^>/,-37/, 

and so on. 

Makini^ these substitutions and after a lengthy series of simpli- 
fications we have 


j ^ U 6 m \ ^ h 

R vV dy /n 27r/W 



t an * tt. E — qi '{ F — E )/ ta.ii ® a 
9 


where 

log P = ^[1 j sin a-fL cos c — log X— 20]. 

Writing this in terms of aeroplane constant's 

4-= . .s». P f I taiPa. \i - . 7 v{F-E)/tau“al 

UiT^t L q J . 

The quantities Ca , ! x and ? are constants for a wing with a given 
angle of attack, hence 

=P |^~tan*a.E-ji'(F-EVtan» a J 
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In the expression for . two quantities X and v are independent 

13 ll; 

variables. For particular values of A, we mi;j;lit plot 

(TTiT'") 

curves. These curves have been plotted and published in the Zeitsehrift 
fiir anj^^cwandte Mathernatik und Meehanik, 11)24. Tables of values 

of correspondini^ to a series of values of A ran^iu^ from 0 to 

0*(» and of v from 0 to 2, have becm attached to this publication, 
We shall have to refer to those tables later on. 


KxPEiUMENrs IN AVind-channei.s. 

In aerodynamical experiments now-a*days Wind-channels are as 
common and as useful as Test-tubes are to chemists. But there arc 
two essential diiferences between them. Experiments in test-tubes 
are carried on on substances that are part — however small a part they 
may be — of the ori^j^inal substance, whereas in aerodynamical labora- 
tories experiments are carried on on models that are exact miniatures 
of originals and, however exact these miniatures may be, their smaller 
dimensions introduce a scale efiFect which has to be accounted for. 
The tendency now-a-ilays is to construct models as large or almost 
as large as originals so that this effect might be neglected. T4ii.s 
demands the wind-channels to be much larger than they are now. 
There is another point of difference. Test-tubes must never react 
on the substances under examination. But the same thing cannot be 
said of Wind-channels. They do, and that most seriously, react on 
the experimental results found in them. We shall consider this eflect 
now. • • 

In Wind-channel experiments, as is well-known, the body to be 
experimented upon is placed in the cbannel through which a steady 
current of air is blown or drawn. By various contrivances this current 
of air is rendered free from eddies and the six components* of forces on 
the body are measured. The t^ualities that concern wing ijneasure- 
ments most are its lift and drag for different angles of attack and the 
corresponding positions of the qentre of wind-pressure. But these 
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quantities measured in the channel are quite different from the corres- 
ponding quantities when measured in free space. We know that the 
stream-lines generated by a body which is moving in a medium or 
over which the medium is passing whose boundaries extend to infinity 
would be quite distinct from those in a limited medium. This fact 
of Hydrodynamics will have to be taken into account in assigning 
any particular angle of attack to any lift- and drag- coefficients . 

In any wind channel experiments with wings what is usually done is 
that the wing is set at a particular angle of attack (/.^., the angle 
between the chord of the wing and the direction of the wind, which 
is usually horizontal, is measured) and its corresponding lift and drag 
are then exj)eriinentally determined. But this geometrically 
measured angle of attack, it is apparent, is not the same as the real or 
effective angle. By effective angle we mean that angle which the 
real stream-lines make with the chord of the wing. 

We have already seen before that for a wing in an unlimited 
medium 


The presence of the walls of the channel will limit the extents of 
the medium, and its influence, it will be broadly seen, will be to 
introduce a further modification of the above formula. The distur- 
bance due to the channel will consist in superimposing another down- 
wash iv' o and in giving a curvature to the stream-lines given by 

1^1 

ft vva^A’ 

where ]/ is measured along the stream and the curvature is taken in a 
vertical plane of a stream-line as it crosses the vertical plane through 
(he wing. 

('ousidering these two influences as before we have 



To find to' we must replace the wing by the lifting-line with its* 
accompanying vortex system. When this voitex system is placed in 
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a medium which is bounded by the walls of a wind-channel, we know 
that the boundary (which is assumed circular here) may be removed 
and its effect calculated by replacing it by the images of the vortices 
at the inverse points. The accompanying figure will make it clear. 
The figure is in the plane of the vortices, which is assumed horizontal. 
LOL is the wing, O its middle point, D and D are the points of section 
with the canal, L' is the point inverse to L with respect to the circle, 
the inverse vortices extending to infinity along L'X and L'X', OY 
is horizontal and taken along the direction of the stream. One 
vortex r enters LOL at A (t^, 0) and goes out at B 0), 

the inverse point B' also possesses a vortex f' coming in and at A' 
going out. 





where 


=r= \ 


6=2?, 6'=L'Ol/ 


jo,=vertical component of the velocity indneed liy the vortex at 
• B' at P(.ry) 




The pair of vortices at B' and A’ having the same strength f ' 
but different rotation* produces ^then a vertical velocity at P which 
6 
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can be written as the difference of the effect of the two vortices at A' 
and B' which are close together. 

"■'■=1-;- "’'=1' [ (vii- ('* ’) + Iv] 




Due to the crosy vortex IVA' 

, r 'dr)' y 


Hence the whole downward induced velocity at P due to the 
bound and free vortices at B' and A' is 


dll/: 


+!?] V 

Since // = 0 on the win<j^ where ic/ is taken 


IJ'i 

1- , , (7V- 


t 2.(! , <<■ , 


b' 


" -Irr J / b'^ ■ '2 ^ 

• (t"-V 


7rD*pv 




Putting 
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A^ain 




Vx*— 1 , 


a_R’o' 


3A_ 

5rl)*pV 


(M+ Sf’ + 


). 


We have put 


>_ _ 4/ I 

^ " 4R.“* R» 


where 11 is the radius of the channel. In ordinary^ experiments 
does not generally extend beyond I, and as the point must be on 
the wing itself, cannot br greater than 1/?. Hence generally 

^ < 1: 

and ill Wq' wc need not take more than three terms and in 




more than two. 
Thus we have 


and 




H VV 0 7 /o ^ 


With those the o^Toetive angle of attack nf a udng in a 

wind-channel experiment with a measured angle (^f attack (a) is given 
by the following relation : • 


a^a + ^ + - 

3c ^ Y ^ yr ^ 2 


2K 


;u/ 
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where 

^ ? a? 

^ R‘R 

and A, a are found exi^erimentally. 

The importance of this formula for transformation will be at once 
apparent, if we remember that in all wind-channel experiments it is 
the angle of attack which distinguishes one set of experiments from 
others. In the above I have not considered the inlluonee of the breadth 
of the wing, as I have replaced the wing by a line vortex only. The 
peculiar distribution ot vortices over the breadth of the wing that 
will satisfactorily replace it has been discussed by Dr. Birnbaum in his 
paper in the Zeitschrift fiir angewandte Mathematik and Meehanik. 
In my Dissertation (Gottingen, Das Doppoldeekerproblern, 1928) I 
have discussed this effect in the ease of a biplane, and a corresponding 
treatment might be adopted in this ease. I must wait till some 
experimental physicist tests how the above formula works. 

In practice an average value of over the whole span of the 

wing must be taken. As a matter of fact, all the formulae found in 
the preceding pages have two independent variables X and v ; and 
on the vviog itself they all vary with v ; hence for practical purposes 
an average value of these quantities must be taken over the span of 
the wing. For an average of this class of quantities that have lu'en 
tabulated it is convenient to apply Simj)sons’ rule for averages. This 
has been done in my published paper in the Zeitschrift and values of 
quantities required will be taken from this in the following. 


Ex PE JU MENTAL VEUIEIC VTION. 

In the chapter on Induced velocity,’’ 1 liave referred to a veri- 
fication of my theoretical results, and in the chapter on Induced Angle 
of attack I have referred to another. The relation for effective angle 
of attack suggested there is min h mon* important and I shall have to 
carry out some detailed calculations tq show that the results deduced 
from the theory and the result.s found from experiments are in 
agreement .except in those cases where the effects suggested by Dr. 
Birnbaum became operative. Experimental data are taken from 
Tafel 45, Ergehnisse der ae;odynamischen Versuchsanstalfc zu Gottirv 
gen* Lieferung II, 1924. 
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It has been proved by Vrandtl in the above publication that 
the expression w,/ (see page 26) can be put in the form 


V 



6 * 


), 


where 


imhiced resistance of the biplane 
induced resistance of the monoplane 


and Fi), F^ aie respectively the surface area of the biplane and 
the monoplane wings and hy, their corresponding spans. 

If denote the geometrical angle of attack of the upper wing of 
biplane and the corresponding ([uantity for a monoplane, then it 
was suggested by Prandtl that 


a 


u 




Ifut experiments belied this deduction. In fact, a series of values of 
K were found experimentall) by measuring and of different 

biplanes. These experimentally found (piantities were denoted by K' 
(exp.) and the corresponding relation was then written as 


a 


0 





F 



) 


A series of values of / are given in the Table. 


The formula us(‘d by me is 


( . " ■ - ^ 

u ' t - 9 '" "i 


) + IlV4 c,J 


where I is the whole breadth of the wing. 
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The quantity 1/R varies over the whole span of the wing. Hence 
an average value must be taken over the whole span. We have 





dv 


4B 



where 


H=: Xl!! 

27rl^y 



2 

irly^y 



1 

'h 


N can be found by Simpson’s method of Hnding averages. For 
values of 


'll 

0,2 

o,;5 

0,4 

0,5 

0,0 

we find 






A*N= 

0,08 

0,080 

0,082 

0,078 0,1)05 

In ordinary biplanes 

X = /i//: 

distance botvvc'eii two 
hair the span of the 

win"S ii 

.the Wings 

win^ ^ ^ 

being taken as e(]ual, 

varies 

from 

0,3 to 

0,5. 

Hence for this 


most common type wc can take 


x=o fi8 ( [ y =017 y. 

\ h / 

We may therefore assume 

V ■0-n‘;=--ooS7r.c.,'. 


and 
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The first two terms are the same as Prandtl^s; if we denote them 
by a' and calcnlate 

'' I) 


A“=“i, - “'d 

for two values of 

Ca j e,g. Ct/j = 0*6 and Crt 2 = 0, a quantity 

, Ai , — Afts 

can be theoretically deduced and then compared with the experi- 
mentally determined k. If they a^ree, they justify the theory, 
if not, the theory ,<^oes, 

I have taken the following figures from the Table 45 of the 
Ergebnisse, before mentioned. They relate to biplanes of equal upper 
and lower wingspan. The monoplane for which « was taken gave 

for Ca =0, Cm, =0-080 and for Ca =0*6, Cm =0*268. The following 

Table shows that k as deduced above theoretically and k' found 
experimentally by Prof. Prandtl agree quite well. 





1 

! 

c, 

3 L 

I 

S 1 

D ! 

'5 ! 

'2 ^ ' 

a 

u 

O 

• 

'w' 

t-t 

o 

ra 

< 

« 

o 

<D 


... 


V a 

«o 



'i; 

J 

1 0,H 

3,0 

1,211 

0,0359 

' 0,.563 

0,794 

1,367 

2 

1,1 

3,0 

1,040 j 

0,01^10 

1 0,298 

0,754 

1,042 


1,1 

3,0 

0,907 i 

0,01173 

1 0,184 

0,721 

0,905 

4 

1,113 

! 2,4 

0,^49 ' 

0.01857 

! 0,234 

0,722 

• 

0,956 

5 

1,113 

1 

1,41 

0,803 : 

0,<.\1857 

' 0,140 

0,649 

1 ! 

0.789 

• 


The small divergences could be accounted for by Dr. Birnbaum^s 
suggestions. I am working oat this suggestion to prove complete 

coincidence. 
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In i he above I have not given any table from which N and other 
quantities have been taken. They can be found in the Appendix to 
my paper in the Zeitschrift. 


A Comparison Table for ks 




Theoretical. 

No. 

Expcrimoiital. 

l*ian(UL 

Author.* 

. 

1,211 

0,794 

1,357 

0 

1,049 

0 , 7 r.i 

1,042 

3 

j 0,967 

0,721 

; 0,905 

1 

0,949 

0,722 

0,956 

u 

0,808 

1 

0,049 

0,789 

1 


* My calcnlated figures. 





On the Occurrence of 
Limnocharis flava Linn, 
in Burma. 

HY 

Paut- BnUfTTi, axd Saty'ahan.tan M.Sc. 

LtmiiocJuiris fhira i.s, like Eiclihornia specioscty one of the consi- 
derable number of ])haneroi^aniic species which, indigenous in the 
wanner regions of America, have found their way* usually by conscious 
or unconscious human af^eney, into the tropical and subtropical parts 
of the Eastern Hemisphere. {See Paul Briil)], Recent Plant Immi- 
u^rants, Journal of the Asiatic Society of Bengal, Voh IV*, pp. C02 
(1910), as well as other more recent publications on kindred subjects.) 

Liweochorifi JJav(t has been reported as indigenous in Brazil, Peru, 
Ecuador, Venezuela, New Granada, Columbia, Panama, Nicaragua, 
Guatemala and the islands of Sta. Martha, San Domingo and Cube. 
{See Marco Mieheli, in De Candolle’s Suites au Prodromus, Vol. Ill, 
])p. 89-91). Fu. BiX'iiEXAU, in ^Engler,"’^ Das Pllan/fuireich, IV, 
It) (1903), p. 9, states that a variety (E,- :b\ jSirfiy which he 
publishes under the name of var. L. indica, has been found by 
Wahhuiu; growing in the rice-fields of Java and gathered by K. 
ZiMi\rjOH:\rANN near Bangkok in Siam, in November, 19:35 it was 
discoveied by one of us (S.) growing in a narrow and shallow water 
channel near the railway station of llmowbi, about twenty-two miles 
north of Rangoon ; it was also found growing plentil’ully in shallow 
water in the rice-fields between Kainajut and llauthawadi Hoad 
station as well in a large tank near Insein. Lastly it has been 
observed in full flower at the end of January. Its flowering time may 
he expected to extend, well into February, if not even into March. 

Buchenau defines the genus LiMNocuAras as follows : 

Flores hermaphroditi. Sepala 3, persistentia, fructuin amplec- 
tentia. Petala 3, tenera, fugaeia. Stamina niimerosa, externa slerilia 
(deficicntibus anlheris) ; (ilamenta oomplanata; antherae basitixae, 
biloculares, rima laterali longitudinaliter deliisceiites. Carpella 15 
ad 20, verticillata, a latere conipressa ; styli nulli ; stigmata sessilia, 
extrorsa. Fruticuli verticil lati, vix cohaerantes, a latere cornpressi, 
seinicircn lares, niembranacei, dorso suleati, interne dehisceutes. 
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Semina creberrima, unoinato-eurvata, testa. Crustacea, transversim 
inultieosfcata, Embryo hippocrepious. 

It has (o be noted here that in the Burmese specimens the anthers 
are not basifixae,^’ but the point oF insertion is somewhat above the 
base, the filaments narrowing down nearly to a point at their apex 
and the anther being somewhat versatile, though not conspicuously 
so. Of still greater importance is the fact that in some specimens 
no trace of slaminodes could be di.seovered ; the ease is somewhat 
rare, but there can be no doubt about it. Mioiieli’s statement that 
the anthers are extrorse does not apply to the slit, which, as 
Buchenau correctly states, is truly lateral. 

In consequence of the occasional complete absence of stami nodes 
in Limnoeharis fiava the generic key of the Butomaceae is preferably 
arranged as follows — 

A. Stamens 9, sometimes less. 

(u) Latex-vessels absent. Petals persistent. Embryo 
straight ... Butomus, Linnaeus. 

(d) Latex-vessels well-developed. Petals fugacious. Embryo 
horse-shoe shaped ... Tenagocuaius, Ilochstetter. 

B. Stamens numerous, much more than 9. Embryo horse-shoe 

shaped, 

(r;) Carpels 15 or more. Stigma sessile. 

Limnociiatus, Humboldt et Bonpland. 

(/>) Carpels 8-0, rarely 8, gradually attenuated into a 
distinct style ... ... Hydrocleis, llichard. 

The following is a description of the form found in Lower Burma. 

Perennial, The 2-5 leaves form a basal cluster and vary consi- 
deiably in size and to a certain extent also in shape; the {)etiole is 
15-80 cm. long, the basal sheath gradually narrowing upwards into 
the triangular apical ]>art ; the entire, glabrous and smooth blade of 
the fully developed leaf is broadly ovate to nearly circular in outline, 
repand cordate at the base and very shortly drawn out at the apex, 
7*5 — 18*cm. long and 7*5 — 18 cm, greatest breadth ; the primary 
nerves are numerous, their number being* commonly 15, the 8 middle 
ones are ^ straight, tin* outer ones more and more con vexly curved, 
all of them converge towards the tip ; the secondary nerves are very 
numerous dnd run nearly^ at right angles to the primary nerves. 
The llo\ver-bear iug axes arise from the axil of the basal leaves; they 
are triangular in cross-section and about equal in length to the 
petioles. The inlloresceuce is eymose, closely imitates an umbel and 
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consists usually of more than ten flowers, which develop one after 
another. The flowers are supportcnl hy ovate or elliptieal-oblon^ 
bracts, the outer two of wliich are the largest, about Ifl mrn. lon^ 
and 6 mrn. broad, resembling the sej)als in size and consistency and 
in bud embrace the pseudo-uinViel ; the inner bracts diminish in size 
down to .‘3 mm. in lemj^th ; they are membranous. The length of 
the trigonal pedi»*els is 2*5 — 8 cm.; they increase in thi(;kness 
upwards and are expanded into wiin^s at the eilges, the wings gradu- 
ally becoming wider upwards. The buds are ovoid-oblong. The 
sepals are imbricate in bud, of firm consistemty, broad-ovate, obtuse, 
suberect, many-mu’ved, green, about It) mm. long and (> mm. broad. 
The petals are delicate, broadly ovate to ^nearly circular, obtuse, 
slightly longer or shorter than the sepals, yellow, imbricate in bud. 
The stamens are numerous, commonly 10, free, the outer one or two 
whorls are usually, but not always without anthers ; the anther- 
bearing filaments are flat, thin, broadly linear, abruptly contracted 
below the apex and ending in a point, fl — 9 mm. long ; the starni- 
nodes are sonunvliat narrower, diminish in breadth from the base 
upwards, slightly longer or shorter than the anther-bearing filaments; 
the anthers are extrorse, oblong, concavcly eurved between base 
and apex, th(‘ concavity on the side pointing to the axis of the flower, 
dehiscing hy a lateral slit, coloured ytdlow, the point of insertion being 
situated sliglilly above tiio lower end of the conneodive. The ovary 
consists usually of sixteen carpels, cohering slightly at their bases, 
laterally compressed, closely packed so as to form a short-ellipsoidal 
structure ; the stigma is si'ssile, rather minute, ]nipillose, the 
stigmas together forming a very short cylindrical assemblage. 
The ripe carpels form a close-set whorl, are nearly free from each 
other, laterally eoinprossed, membranous, stunicireular in outline, 
their dorsal surface marked by three narrow longitudinal ridges 
running close to each other and dehiscing along their ventral suture. 
The seeds are very numerous, 0-5 — I mm. in length, consisting of 
two arms one doubled back on the other, connate with* each other ; 
tjie testa is enistaceoiis, inaiked with numerous transverse crested 
ribs. The embryo is horse- shoe shaped. » 

A note on the vegetative reproduction and otlier details will be 
published at a later date 

UOTANICAL LAIiOliATORY, 

^ TJniveniiy College of Scie/ic'* 

January, 1921 . 
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EXPLANATION OF FIGURES. 
Plate J. 

Fig, 1, The plant; with inflore scence and a fruit x .} 
Fig. JLise of sfcui x j 

Plate II. 

Fig. 1, Pseudo- Umbel x l 
Fig. 2. Flower x\ 

Fig. 3. Sepal x I 

Fig. 4. Petal xj 

Fig. 6. Stamens x4 

Fig. 6. Staminode x4 

Fig. 7. Fruit; sepals pulled back x J 

Fig, 8. Cross-sect ion throu^^h ovary x y 

Fig. 9. Seed x2() 

Fig. 10. Fruitloi x V. 







Indian Slime-Fungi (Myxomycetes or Mycetozoa). 
FIRST CONTRIBUTION. 


BY 

Paul Bkuhl and Jatj« Sen (jupta. 

As far as the Myxomycetes or Myeeto/.pa are concerned, the 
greater part of India is yet a Terra JiiaujuUa. We have therefore 
decided to make a start with tlie study of the Indian forms of this 
interesting group which occupies an intermediate ])osition between tlie 
Animal and Plant Kingdoms. Fortunately tlie splendid Monograph 
of the Mycetozoa, the first edition of which by the late Akthuh Listkk 
appeared in 1894, has been brought up to date by the third edition, 
edited by (iutaki.ma Listeu and published in 19-25. 9'his work 
is indispensible to anyone who is interested in the study of Slime- 
Fungi, and tlie identification of s|)oeies is rendered comparaf ively easy 
by the accurate descriptions given in the text and the splendidly 
executed plates. In the following we give a list ol' the species 
which may be found in some part or the other of the Indian Empire. 
Tlie majority of thorn have been reported from Ceylon and the 
Indian Archipelago; a number of th(*m are co.smopolilan. The page 
references are to the third edition of Lister’s ‘^Mycetozoa.’’ AVe 
mention only Asiatic localities. 

CER ATIOM Y X AC EAE. 

PAUL 

]. CraTIOMYXA t’KUTtCULOSA 

Ceylon, , Borneo, Japan. Eound by us in I’engal, ... 4 

PIIYSABACEAE 

2. Badhamia n I tens — 

Ceylon ... ... ... 14 

8. Badhamia veksicolor — 

United Provinces ... ... 14 
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4. Badhamia afptnis — 

Malay Peninsula, Japan ... ... 16 

5 . PllYSARUM LEUCOPUS — 

Java ... ... ... ... 2/4 

6. Physauum melleum — 

Ceylon, Java, Borneo, Philippines. Found by us in 
Bengal ... ... ... ... 25 

7. PllYSARUM LUTEO-ALBUM — 

North-west India ... ... ... 27 

8. PllYSARUM GLOBULIFERUM — 

Borneo, Java, Japan ... ... ... 27 

1) . P 1 1 YS A R U M P U r.r HE RRl MU M — 

(.'eylon, Malaya ... ... ... 30 

10. Physarum tenerum — 

Ceylon, Porneo, Japan. Found by us in Bengal ... 31 

11. PllYSARUM COLUMBINUM — 

(’eyion, Malay Peninsula, Java, Borneo ... 31 

12. PllYSARUM MUTABIUE — 

Ceylon ... ... ... ... 32 

13. Pi 1 Y S A R U iM R( )S K U M — 

Ceylon, Malay Peninsula, Java, Borneo, Japan ... 33 

14. PllYSARUM PSITTACINU.M — 

Ceylon, Japan ... ... ... 34 

15. PllYSARUM VJRIDE — 

“ India,’* Japan ... ... ... 35 

16. Physa'ujm rigidum — 

Ceylon, Malay Peninsula, Japan ... ... 36 

17. PllYSARUM POLYCEPIIAUUM— 

Borneo, Japan ... ... ... 37 

18. PllYSARUM MaYUIS — 

Ceylon, Java, Japan ... ... ... 39 

19. PliySAUUM AURISCAUPIUM — 

tlengal, Malaya ... ... 39 

20. PllYSARUM PENETRAUE — 

Java ... ... ... ... 41 

21. Physarum nucleatum — 

Japan, throughout the Tropics ... ... 43 

22. PllYSARUM PUSILLUM — 

‘‘ Asia ** 


44 
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23. 

Physarum dtdermotdes — 

PAG* 


Ceylon, Java, Japan 

... 45 

U. 

PnySARUM NUTANS — 



In the Tropics 

... 46 

25. 

PlIYSARUM JAVANICUM — 



Java 

... 48 

26. 

PhYSARIIM CRATFRIFORME — 



Ceylon, Japan 

... 49 

27. 

PlIYSARUM CO.MPRESSUM — 



Ceylon, Japan 

... 49 

28. 

PlIYS.VRlIM RENll'ORME — 



Throughout the Tropics, Japan 

... 5-2 

29. 

PlIYSARUM CINEREIJM — 



Japan, throughout the Tropics 

... 5t3 

30. 

PlIYSARUM SESSlliE — 



Ceylon, Japan 

... 55 

31. 

PlIYSARUM GYROSUM 



Ceylon, Japan 

... 56 

32. 

PlIYSARUM FaMINTZINI — 



Java 

... 57 

33. 

Physarum eciitnosporum — 



Found by us in Bengal 

... 57 

34. 

PlIYSARUM SINIOSUM — 



Ceylon, Java, Japan 

... 58 

35. 

PlIYSARUM BOGOKIENSE — 



Throughout the Tropics 

... i., o8 

36. 

PlIYSARUM CONGLOMERATUM — 



‘^India,^* Sikkim 

... 60 

37. 

PlIYSARUM AENEUM — 



Bengal (collected by Mr. Drake of 

the Seram pur 


College on fern pinnules) ... 

... 62 

38. 

PlIYSARUM LATERITIUM — 

§ 


("eylon, Malaya, Java 

... 66 

39. 

Fuligo septic a — 



The Tropics ... 

... 66 

40. 

Futjgo muscorum — 

• 


Ceylon 

68 

41. 

Fuligo cinerea — 



Ceylon, Japan ... 

... 69 
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42. Erionema aureum — 

Ceylon, Malay Peninsula, Java, Japan... ... 70 

4J3. Trjch AM PifORA Pkzizoidka — 

Japan, throughout the Tropics. Found by us in Bengal 71 


44. PJIYSAREI.I.A OBLONGA— 

The Tropics ... ... ... ... 72 

45. ClENKOW.SK [A RETICUBAI A — 

Ceylon, Malaya, Java ... ... ... 78 

4(i. CrATERIUM MINUTUOf — 

The Tropics ... ... ... ... 75 

47. Crateriuw conctnnum — 

« 

Japan ... ... ... ... 70 

'1'8. ('raterium rubronodum — 

Japan. Found by Mrs. Drake on a dead leaf at 
Seram pore, Pjcngal ... ... ... 76 

49. CraTERUIM LEUCOCEPIIALUM — 

Japan .. ... ... ... 77 

50. Craterium aureum— 

Ceylon, Japan ... ... ... ... 79 

51. LeOCARPUS ERACULIS — 

Simla, Fastern Tibet ... ... 80 

52. Diuerma subdictyospermum — 

Ceylon, Java ... ... ... ... 88 

53. Diderma iiemisphekicum — 

Japan, throughout the Tropics ... ... 84 

54. Di derma efpusum — 


Tropical regions. Found by us in Bengal ... 85 

55. Di derma (arhoreum) Cuoxdriodervia — 

Ceylon, Malaya, Japan ... ... 86, 258 

56. DiDERMA SPUMARIOIDES — 

^ey Ion, Japan .. . ... ... 86 

57. Diderma testaceum — 

peylon, Jaj)an ... ... * ... ... 91 

58. Diderma ociiraueum — 

Japan ... ... ... ... 93 

59. t)lDERMA RADTATUM — 

Northern India, Japan 


96 



INDIAN SLIME-FUNGI 


105 


60. 

Diderma utjgosum — 

PAGE 


Ceylon, Japan ... 

... 99 

61. 

Physarina echinocephala — 



Java 

... 100 

63. 

Diaciiea leucopoda — 



Java, Japan ... 

... 101 

63. 

Diaciiea bulbillosa — 



India, Ceyion, Java 

... 102 

6t. 

Diachea kadiata — 



Ceylon 

... 103 

65. 

Diaciiea sub^kssills — 



Ceylon, Java ... ... ' 

... 104 

66. 

Diaciiea cERit’ERA — 



Japan 

... 104 

67. 

DIDYMIACEAE. 

l)l UY M\ DM D r KEORM E — 



Japan 

... 109 

68. 

Dl DYMIUM VACCINUM — 



Japan 

... 112 

69. 

Didymium clavus — 



Tropical regions. Found by ns in Bengal 

... 114 

70. 

D I D YM l U -M MELANOSPEK .MUM — 



Java, Japan .. 

... 114 

71. 

Didymium nigripes — 



Tropical regions 

... 116 

72. 

Didymium squAMULOsuM — 



Tropical regions 

... 117 

73. 

Didymium anklujs — 



Bengal, Ceylon 

... 119 

74. 

Didymium crustaceum — 



Japan 

... 121 

75. 

Didymium intermeijtum — 



Japan 

... 121 

76. 

Didymium leoninum — 



Ceylon, Singapore, Java, Japan 

... 122 

77. 

Lepiuoderma tigrinum — 



Japan ^ ... 

... 124 
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COLLODEKMACEAE. 

PAGE 

a 

78. 

COLLODERMA OCULATUM — 



Japan 

STEMONITACEAE. 

128 

79. 

StEMONITTS I'USCA — 



Tropical regions 

182 

80. 

Stemonitis splendens — 



Tropical regions 

.. 18,') 

81. 

Stemonitis iierbatica — 



Ccjyloii, Java ... 

.. 137 

8a. 

Stemonitis peiirtioinpa — 



Ceylon, Java ... 

,. 188 

88. 

CoMATRICllA NinilA — 



Ceylon, Java ... 

.. 141 

81, 

Co.matricha laxa — 



Malaya, Japan. Eound by us in Eingal 

.. 148 

85. 

CoMATRlCHA ELEOANS — 



Japan 

.. 143 

8«. 

COMATRICIIA TTPHOIDES — 



Tropics 

.. 14.5 

87. 

COMATRlCIlA PULCIIELLA — 



Ceylon, Japan ... 

.. 147 

88. 

COMATRICllA LONGA — 



Japan ... 

.. 1-18. 

89. 

Cumatrjcha irregularis— 



Malaya. Found by us in Bengal ...• 

.. 149 

90, 

I j A M P RODE R M A A RC Y RIO N E.M A — 



Oeylon, Japan ... 

... 152 

91. 

La M P.RODE RAI A SCM NT I LL A NS — 



Ceylon, Singapore, Java. Found by us in Bengal . 

,.. 153 

92. 

• 

Clastoderma Debar yanum — 

■ 


Ceylon, Borneo, Japan , ... 

... 161 
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AMAUROCHAETACEAE. 

93. AMAUIIOCHAETE FULIGINOSA 

Japan ... ... ... ... 164 

94. AmaurociIaete cribrosa — 

Japan ... ... ... ... 1G4 

HETE H ODE RM ACEA E. 


95. Lindbladta effusa — 

Ceylon, Japan ... .. ... ... 107 

96. Cribraria augillaoka — 

All temperate regions ... ... ... 170 

97. Cribraria rufa — • 

Japan ... ... ... ... 171 

98. Cribraria minutisslma — 

Ceylon, Malaya ... ... ... 171 

99. Cribraria splendens — 

Singapore, Japan ... ... ... 174 

100. CrIBRaRTA INTIUCATA 

Japan and the Tropics ... ... ... 171 

101. (Cribraria tenella — 

Japan and the Tropics ... ... , . , 175 

102. Cribraria biriforaiis — 

Japan ... ... ... ... 175 

103. Cribraria eangukscens — 

Ceylon, Japan ... ... ... 176 

101- Cribraria microcarpa — 

Ceylon, Malaya, Japan ... ... ... 177 

105. Cribraria purpurea — 

Japan ... ... ... 177 

106. Cribraria violacea — 

Ceylon, Malaya, Japan ... ... ... 178 

107. Dictydium cancellatum — 

Japan* ... ... ••• 179 


•LICEACEAE. 

108. Lick A biforis — 

Japan 

109. Orcadella operculata — 

Japan 


... 185 
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TUBUUNACEAE. 

PAR^ 

110. 

Tubifera ferrudinosa — 



Tropical regions 

ly 

HI, 

Tubifera stipitata — 



Japan, tropical regions 

.../IBS 

112. 

Alwisia bombarda — 



Ceylon, Malaya, Sumatra ... ... . 

... 189 

A •’ 

113. 

RETICULARIACEAE. 

DlClYDIAKTIlALlUM PIAIMBEUM — 



Sikkim, Ce^'lon 

... 191 

111. 

Enteridtuh Rozeaxum — 



Japan 

... 194 

11.''). 

Rbticui.aria Lycoperdon — 



All temperate regions 

... 195 

116. 

LYCOGALACBAE. 

LycOUALA FLAVO-Fl'SOOl — 



Ceylon, Japan ... 

... 19S 

117. 

LycOffALA EPIDEXDRIDI — 



I'cmperate and tropical regions 

... 199 

118. 

LycOGALA (M)N[CTJM — 



Ceylon, Japan.., 

... 200 

119. 

TRICHIACEAE. 

Trichia FAVOGINEA — 



North West India, Japan ... 

... 2(r3 

120. 

Trichia verrucosa — 



uJava ... ... 

... 204 

121. 

Trichia affinis — 



J^'eylon, Philippine Islands 

... 205 

122. 

Trichia ' persimilis — 



Ceylon, Java ... 

... 205 

123. 

.Trichia scabra — 



Ceylon, Northern temperate regions 

... 206* 
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124 

TrICHIA VAIUA — 


1 ■ 

Ceylon, Northern India ... 

... 207 

185. 

Trichia contorta — 



Northern temperate regions; 

... 20S 

^6.' 

WlClIlA ERECTA — i" 

^ylon 

... 211 

m . 

Tri(|h||\ dectpiens — 




... 211 

GO 

l^R^^^r^OTRYTTS — 



Ceylon 

... 212 

129. 

TrICHIA FLORTFORMIS — 



Ceylon 

... 214 

1.10. 

Trechia subfusca— 



(eylon 

... iU 

131. 

Trichi A operculata — 



Bengal. A new species... 

• . . 

132. 

13.3. 

H EMlTRICll 1 A Ves P ART 1) M — 

Temperate and tropical regions 

H hM ITRIC H I A LeTOTR ICK A — 

... 218 


Ceylon 

210, 220 

134. 

Hemitimciiia .minor — 



Ja[)an 

... 220 

1.35. 

Hfuiteicjiia clavata — 



Temperate and Tropical regions 

... 221 

136. 

Hemitrichia aiuktina — 



Japan 

... 22.8 

137. 

11 EM 1 TR l CTI I -V K AR .STE NT I — 



Bengal, (.^eyloii, Japan 

... 224 

138. 

IIeaiitrichia Serpula — 



Japan, the Tropics 

22.: 

1.39. 

CoRNUViA Serpula — 



North India ... 

... 226 


ARCYRIACEAE. 


140. 

Arcyria ferruginea — ' 



Bengal, Ceylon 

... 229 

141. 

Arcyria cinerea— 



Bengal, widely distributed in the Tropics 

... 231 
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142. 

Arcyiua carnea — 

PAGE 


Japan 

2.33 

14.3. 

Arcyiita pomiformis — 



Japan 

233 

144. 

Arcyria globosa — 



Ceylon 

234 

14.5. 

AR(;YRrA denudata — 



Bengal, Singapore, Java, Borneo, Philippines 

235 

14fi. 

Arcyria glauca — 



Japan 

236 

147. 

Arcyria inoarnata — 



Java, widi^ly distributed in temperate regions 

237 

148. 

Arcyria stipata — 



Simla, Nepal, Ceylon 

238 

149. 

Arcyria nutans — 



Temperate and Tropical Regions 

239 

1.50. 

Arcyria Oerstedtii — 



Ceylon, Malaya, Java, Japan 

239 

151. 

Arcyria virescens — 



Ceylon, Malaya 

240 

152. 

Arcyria tnsionis — 



Bengal, Ceylon, Malaya ... 

236 

153. 

Periciiaena chrysosperma — 



Ceylon, Japan... 

213 

154, 

Perich.vena uepressa — 



Widely distributed in Temperate and Tropical Regions 

241 

155. 

Periciiaena corticalis — 



T'ropieal Regions 

246 

156, 

Periciiaena pulcherrima — 

• 


Ceylon 

248 

157. 

^Periciiaena vermicularis — 



Ceylon, Malaya 

248 

158. 

^Periciiaena microspora — 



Ceylon, Java ... 

249 

159.^ 

Minakatblla longtpila — 



Japan 

2.TO 
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MARGAMTACEAE 

loO. Margarita metallica — 

Western Himalayas, Malaya, Japan .. ... 252 

161. DiANEMA DJtPRESSUM 

Japan ... ... ... ..... 254 

It is iiighly probable that most of these one hundred and sixty 
one species will be found within the boundaries of the Indian 
Empire. In a number of eases in which the distribution as deduced 
from statements found in botanical literature is rather puzzling, 
the reason is probably to be ascribed to the fncompleteness of our 
knowledge regarding large ])ortions of the Earth’s surface. We only 
need think of Central Africa, Brazil, and China. The fact that 
Ceylon, Java and Japan are so frequently mentioned as habitats of 
mycetozoau species, whilst references to the Indian Empire are 
remarkably scanty, is sim})ly due to the activity displayed by the 
botanists of Japan and the members of the botanical staffs of 
Peradeniya and Bnitenzorg. We shall be most grateful for the 
rccei])t of specimens of Mycetozoa from various parts of India. The 
collection of such specimens causes comparatively little trouble — 
June to September are the months during which Slime-;Fungi flourish. 
For the coni])lete list of the literature on Mycetozoa we may refer the 
reader to the third edition of Lister’s Monograph. We have consulted 
the following works : — 

Hustaitnski, Sluzowce, (1875). 

Saccardo, Sylloge Fungorum, Vol. Ill, (1886). 

De Bary, Comparative Morphology and Biology of Fungi, 
Mycetozoa and Bacteria, (1887). 

W. ZoFE, Die Pilzthiere oder Schleimpilze, in Schenk, Haiidbucli 
der Botanik^Vol. Ill, (1887). 

Engler and Prantl, Ptlanzenfamilien, I. Teil, 1. Abtcilung, 
(1897). 

T. Macbride, The North American Slime-Moulds, (1899). 

A. Lister, A Monograph of the Mycetozoa. Second Edition, 
by (jULiELMA Lister, (1911). 

Third Edition, by Gulielma Listek. (1925). 
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DESCRIPTION OF SPECIES FOUND BY US IN BENGAJ#' 

Subclass I. EXOSPOREAE. 

Family— CERATOMYXACEAE. 

Genus— CERATOMYXA Scbroeter. 

1, Cekatomyxa EKUTicuLOSA (Muellcr) Macbridc. 

Plasmodium usually colourless, growing era wood, 

^iviuc; rise to clusters oT sporojihores forming ci'*^'Ui'' i-s* U|; to 10 rnm. 
and more in length and rather less in breadth having a fLity appear- 
ance and usually pure- white. Sporophores (in the Bengal specimens) 
consisting of a stem-like portion 'I- 1 mm. Iiigh and 200-»‘H)0/4 in 
thickness, dividing upwards into numerous, non- anastomosing 
branches and branchlets, l) d to more than 1 mm. in length and 
45-7 5yi. in diameter, forming closely packed entangled tufts ; surface 
of branches and branchlets divided up into a great number of 
irregularly polygonal often subfnsiform areoles with rather feebly 
marked boundary lines and bearing about their middle, on slender- 
conical, pointed stalklels, ellipsoidal or obovoid spores. Spores 
colourless, 8*5 — liP5/x in length and (>*5 — lOyx in diameter ; contents 
granular. 

Subclass II. ENDOSPOKEAE. 

Order 1. AMAU ROSPOllALES. 

Spores, as seen und^r the microscope in transmitted light, vioJet- 
hrown or purplish grey. 

Suborder L CA LC A KIN Ka K, 

Sporangia with calcium carbonate in the form of gramdi^s or 
minute crystals. 

Family^— PHVSARACEAE. 

Calcium carbonate in the form of minute granules. 

Ci onus — P 1 1 y S A RU M , Persoon . 

CapillitiTim a network of delicate threads with vesicles filled with 
calciurii carbonate granuh's ; sporangia subglobose or lenticular or 
forming plasmodierarps ; eapillitium without free hooked branchlets. 
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1.^ PlIYbARUM TKNLiaAl KkX. (KSiiO). 

(i, Lisfri'j ji. -V/, jiftiic \\r. 

: PlaS^i^um yellow. Total li(‘ii:ht of iViiitini;' body 1 — I mrii. 
Spor,a);)gfa i|^boso, stalked, erect or noddiii^^, ()-4 — O oioni. in diaineter, 
yellow'7 sl>o^i^ial wall rnond>i:iii(.ns ; linie-irianules roiuidisli, some- 
what seat ter bur eomparativoly close-ser Stalk slecder, sidiulate, 
()'7 — l-^ium. loiJij;’, siraw-oolunred. (’oluniella 
-Threads of eapillitium vpiy thin and delioalo, Ilexuous, 
hyalifee, braneiied, the bramddois usually not ana^iomosiii..r^ with 
adhering numerous irregularly rounded, more or less ellipsoidal, 
yellowish lime-knots, 11-20/4, in length and 4-Id// in width. S)>ores 
spherical, hrownish-pink, smooth, contents gramflar. 

On the hark of a dead tree in Pargaiina Bikr:unj)ur, District oi 
Dacca ; collected in July. 

Phjjiiariim teitvmm h:ts been rfportf‘d from Ceylon, BoriitM), Japan, 
^'hirope, the West Indies and North and South Anieriea. 


Phys^kum mki ij'U m, ]\[nssee. 

C. p, \ ?( II 1. 

IMasmodium yellow. Height of fruiting body ()7-0‘l) mm. 
^ipnrangia globose, .stalked, erree.t, oblat(‘.spheroi(la) to spluaa'eal, 
'*d7-()*5 mm. in diameter, \elIow to brownish-yeliow ; sporangial 
/all iria'gnlarly and elo^^ely wrinkled, tlie ridges yellow, the depres- 
ion.s appealing darker, the lime-granules yellowish, rather elo-elv 
et. Stalk O-l'-O-f) mm. long, m irl\ (. n le, i 00- 1 •?()/. in diamotm’ 
ear its base, narrowing down to OU-eOy^ ujuvaids, fiiiTowed, whhe, 
npreguated with calmhim earbofiafe. C\)lumelia verv sliort, rounded- 
ibeonieal. Threads nf eapillitium incguiai ly Inaiichiug, rather 
ender, hyaline, freely anastomosing, (d'ten expanded at the axils, 
ith adhering irregular lime-kmds of vaii( us sliap(» and mosll\ 

-Uispipuous and rather angiiia?-, 1/-20// long, 1 (t- 1 :?// wide, white' 
r wliite with a yt^ll(W\ish tinge. Sport's puij)lish-bi owil^ iit'arlv 
nooth, 7-10// in diametpr. 

On rotting leavo.s of Copos nueiffra in I'aliganj. Coll^'pted in 
Illy and August. ^ 

PhifHarum iticlfcfim has be-, n repurtctl growmg on dead wood in 
urope, the United .'•Hates, Ja[ian, Sonlh Alriea and SoiUh Aiit^tralia 
d is said to be abundant tliioiighont the Troju'c-. 
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PiiYSAHini KCHINOSPORUM, Lister. 

G, Lis(n\ p. 57, pUih? LI 11. 

Sponini>ia (in tlu^ speeiniens) inosily in the form of 

)>lasmodioe:irps ; jilasinodioe.'nps irre^^nlarly siniioi’s, strongly laterally 
coin jiressod, usually nearly of llic same width from base to apex, 
sometimes slightly tldeker at tin* base^ Hie top-ridu^e forming a very 
neute angle, heiiilit 1 mm. and more, but commonly less, distance 
between extremities 1-10 mm.; sporangi.ii wall double, ouLer densely 
irnpr(*gnaled with (*aleiiim eaibonate, white, egg-sliull-Iike, separable 
froin the inner wall; inner membrane pale-piirple, shining and 
iiid“seent. C^ipilliti urn consisting of hyaline tiireads with corn- 
para! ivelv I irge, elose-set, irreg?darly shap(Ml, white lime-granules 
50 - 1 ( 10^4 long :ind wide, the granules being connected by 

short, comparatively stout capillilium thi’cads, Spores spherical, 
8-1 b/i in diameter, purplish-brown, beset with uumi;rom short, 
stout, trnneab? spinulos. 

On dead leaves of Minni^ojis Elrnnl in tin* Botanical (rai’den 
attaclu'd to the Biological Tjahoratory, iialiganj, colh'cted in August. 

d his sptcies is of interest as liaving been {>reviously reporti'd 
only fr' iu iho inland of Antigua, wlare it was found growing on d»>ad 
leaves. 

Genus — DIDlGiM A, Persnon. 

( ’aj)illil ium wit.lioul liinc-knots. Sporangia stalk, d or .sessile 
or forming plasmodioearp.s ; sporangium-wall in nearly all speeies 
consist ii.g of two layers e«)iitaining <h*po^i;s of calcium carbonate, 
(/olumt l!a usnaily piTsent, 'threads capillilium simple or 
branched. 


1. Dioui.'.ma i-:rri si m, Morgan. 

(j . Iji s I f’i', j ) . , phi (e L \ \ X I J /, 

Spoftiiigla sc'^siie, single forms rather scarce, deprcs.-el globose, 
U'^nally iiniled into elongated, somewhat llaftencd, winding, sim[)le or 
hianelu'd* or ring-shaped, free or anastomosing plasrnodiocarps, 

()*t-0 S mm. bn'ad , of various l^rngili, sometimes elfuse and then 

% 

considerably wider ; sporangia! wall consisting of an outer crust 
which %s continuous but fragile and eonscipionily traversed by 
cracks; crust pure chaik-coloured, consisting of closely packed 
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granules of calcium carbonate ; tlu^ inmu' layer (^f tiic sporangial 
vail formed of a thin, colourless membrane. Columella (ir> the 
Bengal s]>ecimens) practically absent (in foreign spei'iinens staled 
to be depressed cushion-sliaped, browiiisli-ilesh-colouied, and en- 
closing lime-granules). Capillitiiim consisting oi‘ (l(‘!ica,t<’, colourless, 
hollow, simple or vany sparingly bram^hed threads. Spoil's spherical 
or nearly so, smooth, light violet-brown, (i-KV iu diatnelcr. 

On rutting palm Icavrs in a nursery in Haligan j. ( oile^'ltd in 
August. liep(>rte<l 1‘rom Cevlon, .lava, Japan, variuut. l‘]uro[)eaa 
localities, the United Slates and Argentina. 

G e 1 ! us— T R I C U A M P I K) 11 A . 

Sj)orangia -aucer-shaped or umbrella-shaped, on a, dark-reddish 
or light-brown stalk ; sporang’ial wall menibranuii-, iui j'legnated 
with grannies of calcium ear])C)Uafe, ca[)illiLium of colourless bi.iiiehing 
threads with few or many lime-knots or membranous tubes illled 
with lime, or without any lime deposit* 

1, I’UiCUAMlUlOllA PK/l/.OIDMA, Jungluilm. 

Plasmodium often exfensiv' 0 » grey ish-while* Fi ailing bodies 
gregarious, often veiy uuimu-ou.s. Spuiaingia stalk'd, befort^ the 
djs''harge of tlu* spojvs g'veyish'wlute, afler discharge piiri’-white, 
disk more or less saueer -iiapcd, the upper surface being '-inewliat 
coneave, the lower smf:i«*e cone-- jioudi ugly convex, ()S'---'’d mm, 
i!) diameter, 015 — 0'*> ( — 01) mm. iu thiekne« ; eii oundVreuco 

circular, deliiscing along the edge; spoiangr.il wall mcmbi ano\»s, 
white from uniformly di^lsihuUd particles uf (aleium earhnna^c ; 
])artvS of tile wall forming the lower surface mori! coinat'nt and 
conseipieutly more [)ermaiieut, afler deuisceiice resembling the p.p^ 
of a Japanese sun-shade with a minutely ragganl edge, whilst the 
upper surface breaks uj), sooner llian the lower surface, ini" minute 
scales which for s>ome time adben‘ to and aia' support by the outer 
fringe of cajiillilium threads ; ibo sporangi \1 wall linally disij. pears 
except a few remnants adhering to the tip of the stalk. Stalk 
awl-shaped, 1 — 2.5 mm. long, .‘dtO— dot)/*, thick at t he « I'ast*, 45 
— (lOp thick at the apex, longitudinally striated, liglft-brown, trans- 
lucent. Capillitium consisting uf a great number ol moderately 
branching and scantily anastomosing eoK)url(‘''S, hyadne ihre.'ids 
extending from the lower b’ the upper Mirlaei-, model ately swollen 
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at their two ends aiul at th(‘ points ol* rainitication. Spores sperieai, 
li-11 ( — 17)// in diameter, daru or purplish-brown, in the Bengal 
specimens, ns tar ;is seen, smooth, aecording to Ijister spinose. 
spinulose, or nearly smooth.” 

On the i)ark ol part of a tree-stem usoJ as a fen(;e*pod le 
Baliganj. Collected in Aui^nst. 

Also reported from ('(‘ylon, various parts of E-uviiu'. and trom 
Japan and Natal ; abundant throu<^hout the Tropics. 

Kamily--01DYMIA(’EA K. 

Calcium carbonate deposit:^ in the form of crystals or disk- 
shaped aggregates dislribntcd over the sporangial wall ; capillitiiirn 
in nearly all speei(‘s without liiUi -knot- ; sp' rangia, mostly sim})le, 
oidy in the genus Mucilniftt I'nsed into an aethalium. 

(ienns—DinVAHCM Sehroedei. 

Sparangia single; calcium carbonate (UA slals stellate, cntber 
scattered over the surface or (tombim'd into tt crust. 

1. Diuymium ('(..\vi;s, Ibalxudinr^t. 

Kruiliug b ulies O’o — mm. in lieight, not closely crowded, 
often roughly arranged in rows when arising from the space between 
two veins. Spor.'ingia disk-sha [led, ^talked, insertinl at right angl(‘S 
to the stalk, circular in outline, — -I 0 mm. in diameter, (115 — 

O’.’iOmm. in thiekness, wiiite, oft -n with a. lint of grey ; sporangial 
wall menibranoiis, spotted lirown, be<o( snj)eilicialiy with stellate 
(trvstals of (ailcinm iMrbonate ; a mrcnlar area around file point of 
insertion thif'kcr and daik-bi’own ^ i alk e\ liudiic, straight, erect, 
longitudinally ridged and fmrowed, ()•!- - 0 / mm. long, 0*06 — 
()*2 nun. tliiek, lin/wnish-biack, wiliiout calcium carbonate crystals. 
Columella proj)er absent. ( /aj)!!!!!!!!!!! consisting of numerous, some- 
what sinuous, closidy p.udvcd, simple or scan til/ branched, rather 
rigid, reddish-l)rown (or colourless) threads. Spores spherical, 5*5 — 
7*5/1 in dialm.’ter, smooth, reddish-viohd. 

On dead h‘aves of ('oros ni>'nfcra in Ibiliganj. Collected in July 
and August. W idcdy distributed througli temperate and tropical 
regions ;*iii [)a.!(ieular r< pnrh*d from Ccvlon, Sumatra, Java, Borneo,* 
the Philippines, dahiti and Madagascar. 
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S^bprder II.— -A MALI U()(11A KTIN A K 

^pQ»t^n^ia ’vitliout c;i](diun (‘arbonaU* ; rajiillitium and s|)()rc*s 
diial<bro^ or violet-brown^ rartdy Tf-ri u^’inous or colourless. 


l4*|ul o .^:ST K M ( )N 1 1\\ {] K ^ 

stalk(?d ; spornnuial wall delicately iiienibranous ; at 
leasi Uk^i nppd^part of (lie stalk >olid and projeelini;’ into the s[)oran- 
[iuni as a cobimella ; the brancliiniij thre:i^l^ I’orinino’ ilu' c*a])illitium 
arising from tlic oolnmeHa. 


(7e.ms— COAIA^rUUMlA, Preuss. 

Spuran^^iiim wall (;van*’seent ; Ihivuds ol‘ eapilliiinm usually 
forming a nclwoik. but nol rorminu an even suriVico net. 


1. (;o\i \Ti{i( II V LA\A, Hostalin.^ki. 

a. }). / /.V, ;V'//e ('XX / 1 . 

Plasmodium wliiUv Piuilu-;;' bodies rising' I'roni a nnunbraiious. 
brown and shinii!*^- li \ pul iialliis, iiie^.ai ioin; oi' ^eattiavd, •’ — .‘1 mm. in 
hei^’lit, ‘ • p{jrain^i<. -liortlv e\lindric ito ti!o))/.<e). o])tu>ely [•ounded ; 
sporaiii^ial wadi evane-.-ent . M.alk liliform, tnickei' towards the I)ase, 
(0‘2 — ) 0*0 — I "I mm, luui^;, oii ;in :i\era.po* — oO/^ tdiick, black. 
Columella r< ardiiim' ii< arlv to the a|'6‘x of tin* <[)oran^'ium. (dipilli- 
tiuin lax to M)mewl'a{- ; primarv tlii-ead< arieiiiLC Irotn various 

points all aloii^* tin* eolmneHa, iliiniiiicj out from base to a]H‘X, at 
tirst strai^^lit, })Ut iinali\ varioii^ix .-muously curveil, einitlinu^ 
numerous very slender tlii'-ad-like ai..:-i'nm .sm^' })ranchl(‘ts woven 
into a dnskv-^rev netwoik rod terminal in^j^ in sliurt free ends. 
Spores spherieal, do — '•> di oianuder, brownish-purple, 

very minutely and cdosi |\- soinulese. t hi llie l>ai‘k ol dead ti’ees in 
Bikrampur, Oac'^'a Disitiei. Colleeied in J ul> , August and Se[)tem- 
ber. 

Keporieil IVom Alaia; a. .lapan and vaiiuu - loealities in Kuroj-e 
and the United State-, 

1 . CoMAI lMrilA ICIIKOUI. VIMS, UcX. 

C. /.nsYer, p. I Iff, p(>^(e (WML 

Fruit ino' bialu-s aIl^!n!i' iiami a membranous, brown ami 
shinino liypothallus, densely crowd;. d, m the Helical specimens S — 
lOrnm. hioh. Sporangia stalked, i*ylindrical, I — oinm. in len^^th. 
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— O’linm. in diameter at llie hast*, attenuated upwards ; 
s])oranij;’ial wall evanes:(*ent. Stalk slender, (l-‘5-) — 4-5 min. lon^, 
10-I)0/Li lliiek, blaek. Columella straight or si in^litly llexnose, reach 
iui^ nearly to tluj apex of the sporangium, l)rownish-])lack. Primary 
thread of the dusky brownish-i;’rey eapillitium arisinjjj from various 
points of the colunudla, rather stout, thinning out upwards and 
<^ivin»> ^rise to numeroiis anastomo-iui;' slender line, thread- like 
branehlets forminuj an irrei^ular not terminatini;’ in fro(> ends. Spores 
sj)herieal, 7-8 ( — It))//, in diameter, covered with brownivsh-purple, 
closely set spi miles. 

On wooden ])osts in Halioauj, collected in Aiii^ust and September. 
Reported from iMalaya, New South Wales, Canada and the United 
States. ’ 


Genus— LAM PHODEUMA, iCistalinski. 

Sjioranij^Iiinv wall somewhat persistent as an iridescent 
m^unbrane ; cajiillltiiun (fonsistini]^ of branchini^ anastomosing^ threads 
radiatino' mostly from the iijiper part of the colnmolla. 

1. LAMlMlOUnUMA SCINTILLAXS, Moro'ail. 

(i. L /a i(‘ y, }) . 1 i)3j plate ( 'A A .V . 

Fruitin<]: bodies 1 — 1*5 mm. in hoiirh!, risinj^ from a small, 
brown hypothal^ur, numerous, somewhat seatter(‘d^ arran^jf/nl aloni: 
the nerves and nerv/ lets of tiio pinnae of p;ilm leaves. Sporanii^ia 
stalked, ij;loboso, 1) d — O’oinm. in diaimder, lironze-eolonred (or red 
or steel-blue), ii idesoeiil sponumial wall thin-mrmin’anous, eolourless, 
breaking up into patches which at lirst slick to the eapillitium, 
but filially disapj.ear entirely. Stalk straio-ht, erect, 0'7 — 0‘8mm. 
lonir, 15-15//, thick, slii^litly bro.-uhr towards the base, deep-brown to 
black. Columella snbeydindrie, ronnd(*d at the tip, scarcely reaebine: 
the mi<ldle of the sfiuraiiuinm. Capillitiurn of riti,'id threads radiatin;^^' 
from the upper end of the columella, falsely dicholomously branched 
and more or less anastomosiiuj: ; bianchlets of brownish tints, paler 
towards their base, attenuated iijiwards. Sjiores spherical, ()*5 — 8V 
in diameter, minutely waited, pale- violet. * 

On decayinjj^ p:^ni leaves used in Baliii^anj as covers of j^recn- 
honsos in nurs(*ri('s or as fen.Mni^. Collected in July and August. 

'U'portcd to occur on dead leaves, twi^j^s and straw in Ceylon, 
^^in^apore, Java, Eii/^land and tlie United States. 
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Order II— LAMPilOSPOK ALKS. 

Spores vfivionsly coloured, but not. violet-brown or purplish-”:rey. 

Suborder— C A T.ON EM IN E \ E. 

Ctapilliliuni rornied of ;i s\ stcnn of miifonn or sculptured Ihreads. 

Eiimily— ThlCUlACEAE. 

Capilliliuin eonsistinir oi* tubular tlire.uls bnuudiiiu:^ at wide 
anj^les, or fro(‘ and usually unbranched, tliickened by spirals or 
complete riu<jjs. 

(ienus— TRKMIIA, Haller. 

('a])illitium abundant, eousistino^ of free Hireads (elaters), pointed 
at each end, thickened witli two to live spiral bands. 

I, Triciiia OPEIK ulata, sp. nova. 

Eruiiino* bodies densely crowded, commonly in eontact, not 
rarely adiierino^ alon;4‘ tlieir side-walls, u.-ually leaviuL^ triaui^ular or 
ijuadrauiL^ular spaces at the corners, in emss-seetion resembling- the 
medullary tissue of phanerogams. Sporangia sessile or very .shortlv 
stalked, short-C) lindrieal or bell-shap(‘tl, when separate from Iheir 
neighbours circidar in cross-section, when crowded pol vgoiial, usuallv 
pimtai^onal or hexagonal at their mouth after dehiseeuee, 0|.'ening by a 
moderately convex lid. (bi])lllitium ultimately eouspieuouslv pro- 
truding from the open moulli as a woolly mass, lleiirbt of sj)orangium 
O G ~1 mm., diameter O'd O o nifii. ; sporangium wall cartilaginous 
rmally brittle, somewhat furrowed at the base, reddish-brow. Capilli- 
tium eonsistiug of Ilexuous, orange-red, d — thiek, free but 
vaiiously entangled threads, witii very tine ihiekpuings formiuo’ 
about four long drawn-out spirals irregularly and sparsely bes(‘t with 
thin and sharply j ointed spicules, often also with minute knob-like 
swellings, ])articularly below the i)ointed ends. Spores spheri(‘al or 
nearly so, the wall copiously l)e<el with minute spieuk's, biit not 
reticulated, 9 — in diameter, pale-yellow, highly mag?iilied neailv 
colourless. 

» 

On decaying bases of the petioles of palms in llaliga^ij. 

Collected in March after a fall of rain. ^ 

The new species lias some characters in common with Trichia 
fnvofjinca, but the spiral thickenings of the elaters are \l3ry narrow * 
and the spirals are long drawn out; the most important dilferenei? 
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beinsj the absence of reticulations on the spores and the smaller si, 
of the latter (1) — 1 1/x instead of P3-15/i). From Tric/ria contoita 
new sj)ecies is distin<^iiislu*(i by its cylindrical or bell-shaped, 
siib^lobose, and densely crowded, often more or less adhering 
sporangia; from all the other species of T/vV* / / it differs by well 
defined lid, which distingnishes it specially from Tt'ichi.f 

Genus— IJEMITIIICHIA, Uostallnski. 

Capillitiiim a more or less elastic network of branching ; 

threads thickened with two to six spiral bands. 

1. IlKMiTKiCJiiA Karstknii, (bostafinski) Lister. 

« 

(j. /yM/er, 2^33, phiie ('LXKI. 

Sporangia .sessile, sid)globose, scatti'red, iii the Hengal specimens 
always forming elongat('d, variously curved, wormliko plasmodiocarps, 
Q^2,i — O’t ( — 0'5) mm. in width; sporangium-wall firm, cartilaginous, 
yellow-orange (or yellowishdirown) ; surface shining, minutely and 
confusedly wrinkled. Capillitium a somewhat loose network of 
branching, brownish or greyish-yellow threads (:3 — ) 4 — lid)// thick, 
marked with several very fine spiral bands very sparsely besot with 
short, thin and pointed spinules ; turns of spirals closci ; the threads 
with free ends atid with swellings below the free ends as well as at 
the points of branching. Spores spherical or nearly so, (t) — ) 11-- 
15// in diameter, yellow, minutely and copiously warted. 

On the fibres of decayed leaf-stalks of palms. Collected in 
August. 

Reported from Ceylon, Japan, various European localities and 
the United States. 


iraniily— AlU^YHI ACKA K. 

Ca])illitium a iielw(Hk of tubular threads branciiiug at wide 
angles, smooth or thickened with cogs or half-rings (only in one 
species indigenou'^ in Portugal with complete rings) spines or warts. 

Genus— A UGY^KIA, Wiggers. 

SporangiuiTi-wall evaneseent above, persistent below and there 
forming a rpembranous cu]j ; stalk filled with cells looking likes|.)ores ; 
capillitium a more or less elastic network. 
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ArCYRIA FERRUGINBA, Sautei*. 


0. lister, p. 220, plate CLXXIIL 
/^rwlag bodies densely crowded, 1 — 2 mm. in height. Sporangia 
0*7 — 1'3 mm. long, 0*5 — I mm. in diameter, red, 
|i%ol&M^to yellow; sporangial cup funnel-shaped, shining, 
surface. Stalk terete, 0*{3 — 0.8 mm. long, 
Capillitium a network of branching, 
reddish.^»jl<pr or pure-yellow threads marked with transverse bars 
arranged ' i a lax spiral. Spores pale-red, closely beset with minute 
warts, 8— ll/x in diameter. 

On rotting palm stems and barnbiis used as posts in Baliganj, 
Collected during the Rains. 

Reported from Ceylon and widely distributed in temperate 


2, Arcyria ciNERhA, Persooii. 

Fruiting bodies solitary, gregarious or clustered, 1 — 3 (0*8 — 4) 
mm. in height. Sporangia cylindrical, more rarely ovoid, 0*8 — 2 mm. 
long, 0*‘t — i mm. in diameter, stalked, dull-yollow (or pale-grey, 
greenish or bluish-grey or greyish-flesh-coloured) ; sporangium-wall 
forming a cup, membranous, minutely papillose, plaited at the base, 
stalk terete, 0 3 — 1 (0*2 — 2) mm. long, 0*05 — 0*15 mni. thick, pale- 
brown, consisting of a tubular wall filled with spore-like cells. 
Capillitiiirn forming a close network of anastomosing, yellowish-grey, 
spinulose (or warted or banded threads, the upper and middle portion 
2 — 4/x, the basal portion 3 — fl/x thick. Spores spherical, 0 — 9/x in 
diarrieler, the surface beset with somewhat remote warts, almost 
colourless shading into dirty-white. 

On rotting leaves and stalks of palms in Raliganj. Collected 
in Angust. 

Widely distributed in the Tropics; reported from Ceylon, Borneo, 
Japan, Australia, New Zealand, Polynesia, Canada, the West Indies, 
Central and South America, the United States and various {)laces in 
Europe. 


3. Arcyria denudata nettslein. 

ff. Lister, p. 235, plate LXXIV, 

Fruiting bodies gregarious, crowded, 2 — 4 mm. in lieigbt. 
Sporangia short-cylindrijal or ovoid, 1*5 — 2 mm. long, 0.8 — 1 mm. 
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in diameter, stalked, crimson changing to brown ; sporangial wall 
membranous, evanescent except a basal, plaited and faintly reticulated 
cup. Stalk slender, terete, furrowed, 0*5 — 1'5 mm. long, 75 — 100/i 
thick, dark-brown. Capillitium forming a dense network of terete, 
2 — fi/A thick, reddish-orange or orange-red threads rising from the 
cup, without free ends, beset with cog-like minute protuberance^ 
disposed irregularly or forming more or less well-developed spirals. 

On <lead wood, dead branches and sticks and leaves, abundant in 
Bikrampur, Dacca and Baliganj. Collected in July and August. 

Reported from Ceylon, Singapore, Java, Borneo and the Pliilip- 
pines; abundant in temperate and tropical regions. 

4. AucYiirA iMsiGNis, Kalchbreniitu* and Cooke. 

G. Lufefy '^36, plate CLXXXl. 

Fruiting bodies gregarious or clusbu-ed in scattered crowded 
groups, 0.5 — 2 mm. in height. Sporangia very shortly stalked, short- 
cylindric to ovoid, 0*6 — 1*8 mm. long and 025 — 0.5 mm. in diameter; 
cup of sporangial wall membranous, plaited, smooth or spinulose. 
Stalk thickened upwards, furrowed, 0 2 — ()’5 mm, long, red, hollow, 
filled with spore-like cells. Capillitium forming a close network of 
pink or pale-brownish delicate threads attached to the wall of the 
cup, 2 — 4*5/x thick, ilat, marked with narrow bands (or with spinules) 
forming a lat spiral. Spores spherical, nearly smooth, G — in 
diameter, under the microscope nearly colourless. 

On barnbu posts in Baliganj. Collected in August. 

Reported from Coy Ion, Malaya, Java, Japan, various parts of 
Europe, the United States, Brazil and Southern Australia. 

Botanical Laboraiory, 

University College of Science, 

Baliganj^ Mar 1937. • 



es on the Geology of the Island of 
Bombay. 

BY 

Chandra Das-Gupta, xM.A., F.O.S. 

(with Plate I.) 

The present short note is based nj)on ^Ihe few ^eolo^io«td 
observations that I could make round aboul; llornbay diirin;^ my 
short stay in the City in connection with tlie sittinj^ of the Indian 
Science Congress in the >^ear 192(». A cornprehensivo account ol 
the ji;eo logy of Bombay was published by Wynne in 1806.’ Any 
one who makes a roconnaissance in the City will at once see that 
some of the observations of Wynne have to bo modified and this is 
my only excuse for drawing up this note. 

Wynne gave the following table regarding the arrangement of 
the rocks in the island of Bombay : — 

7. Alluvium, sand and recent conglomerate. 

r 

G, Basaltic trap dykes. 

5, Fossililerous fresh- water beds or shale series. 

Tertiary, F Arnygdaloidal Irap passing into solid gray trap 

and confaining a band of breccia, and perhaps 
jn’obablj white trap of Dharavee. 

6. Gray tra]) associated with fresh water beds, 
shales and flags. 

2. Trappean breccia of Sion Hill, etc. 

^ 1. Black basaltic rock of Seoree, etc. 

The rocks (Mo G ) belong to the Deccan trap series and are, 
accordingly not Tertiary, at they were believed to he at the lime 
of the publication of Wynne’s paper, hut, os it is >vell known, their 
Upper cretaceous age has been definitely established. ‘My remarks 
will be confined chiefly to the divisions 1, si, and I. 


Eocene 



' Mom, Geol. Snrv. liv}., V, |ip. l73-22">, 



H, C. DAS-GIJPTA 


lt>4 


1 will start with the division No. 1. The rocks of this group 
are very peculiar and developed at two localities near the town of 
]3on)bay, namely, at Antop and the Seoreo Fort Hill. Though, in 
the text, the rock was described by Wynne as a ‘black basaltic’ 
rock, in the map accompanying his paper, it is described as the 
‘black rock of Antop hill ? Felstone.’ It appears that the first 
mention of this rock was by Dr. Buist^ who was followed by Dr. 
( ai ter. '^ Dr. Huist described the rock as ‘ a Lydian stone, a black 
jasper or chert,’ while according to Dr. Carter it is a ‘black 
jaspidcous rock.’ 

Mr. Wyn ue seemed to be very doubtful regarding the nature of 
this rock and this is quib; clear when his description of the rock is 
examined. General Me?.lahon described this rock as ‘subvitreous lava’ 
without assigning any special name to it** and since then no work 
has been done in connection with tliis. The rock occurs forming a 
ridge and, as shown in the hand-specimen, is very com])act, 
dark-coloured and splintery. It has a marked conchoidal fracture 
and is traversed by very small cracks. It is remarkably fresh when 
compared with the basaltic rocks of the neighbourhood. The specitie 
gravity of the rock was found to be ranging between 'Z'7Z and Jl*80, 
The microscopic character of the rock has been described by 
McMahon and, according to his descri])tion, it is a very fine-grained 
volcanic rock without any glassy base but with microseo[)ic grains 
of trielinie felspar, augite and magnetite. Mention is also made of 
the presence of porpbyritic crystals of trielinie felspar and augite 
and of opal filling up round holes, 1 must confess that I have not 
been able to follow this description throughout. In the first jdace, 
the slides do certainly show round holes as mentioned by General 
McMahon, but I failed to find out the opal occurring as filling up 
the holes and, as far as I could make out, the holes are filled up by 
grains of quartz. The rock is composed primarily of a eryptocrystal- 
line base consisting chieily of small grains of quartz and a dark gray 
opaque substance with lath-shaped microlites of plagioclase felspar. 
In this basd are to be found grains of quartz filling up the holes as 
already mentioned, crystals of plagioclase felspar and augite, as 
also parts of a grouudmass very commonly associated with a basalt 
or a dolerite. ^ Iron ores are also present. 

^ ® Tran. Born. Geogr. Soc., Vo). X, p. 174, 1852. 

* Journ. Bomb. Br. Asiat. Soc., Vol. IV, p. 196, 1862. 

* Rec. Geol. Surv. Ind., Vol. XX, pp. 107-.108, 1887. 
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A reference io the previous literature shows that, according to 
the authors who have studied this rock, its origin is rather puzzling, 
hut the detection ol the phenoei^sts of plagioclase and of augite with 
remnants of a basaltic or a doleritic groundmass appears to offer the 
clue to the solution of the problem. It appears that these rocks are 
nothing but silieified basaltic lavas, the phenocrysts of felspar and 
augite and the detached portions of the groundmass found here and 
there representing those parts of the rocks which have escaped 
silicification. The fresh and compact nature of the rocks shows tliat 
the metamorphic agent which is responsible for this silicification 
could not have been a meteoric one. Wynne’s memoir contains an 
analysis of the Seoree rock, while Dr. Washington has published 
the anal^^sis of a basalt from the neighbourhood of Seoree.® The 
results of these two analyses are placed side by side for the purpose of 
comparison. . 


I II 


SiO, ... 

52-98 

(51 -60 

Al^O, ... 

14-58 

27-12 

J^’e^Og ... 

;i-:38 

2-12 

FeO 

10-05 

4-00 

MgO ... 

3 * 6G 


CaO ... 

7-49 

2-10 

NajO ... 

8 ■ 48 

tr. 

KgO ... 

1-31 

tr. 

n,o ... 

1-88 

2-46 

llgO ... 

0-48 


Ti'Oj ... 

0-6-2 

n.d. 

P 2 0 5 

0-64 

D.d. 

^^2^3 ••• 

n.d. 

n.d. 

• 

MnO 

0-04 

trace. 

100-52 

100-00 


(loss, i,e,j water and organic matter). 


A. B, 


Basalt obtained between Race Hill and Seoree, 


Island 


of Bombajj. (Washington). 

II. Seoree rock. (Wynne). ^ ^ 

A study of the two analyses brings out that compared with the 
basalt of the area, the Seoree rock is (1) richer in SiOg and AlgO^ 


s Bull. Genl. Soc. Amer., Vol. XXXIII. p. 774, 1922. 
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and (2) poorer in FejO,, FeO, M^jO, CaO, K,0 and Na^O. A refer-i 
ence to the geological map of Bombay shows that rocks of the ty^^ 
under discussion here, are developed in a straight line begin^feg^J: 
from the neighbourhood of Doonoree in the N.N.E. and endinigWitb 
the Cross island in the S.S.W., a distance of some 6 miles.^ 

It has been well established that the basalt of the JjWolef trajj 
came out through many fissures and it is very likely tiielflii\e 

outlined above showing the distribution of the siliciSldv^oeks ijr^ie 
such fissure. An instance or a silieifieation of a basaltic^flow from 
Hyderabad has been studied by Mr. Hallovves ® and, in this case, 
the author, after following Drs. Permor and Pox, has concluded that 
in this silieifieation thep.dmary agent was meteoric water bearing CO.^ 
and containing in solution SiO^ and CaO leached from the Dceean 
trap. I have already given my reasons for demurring to this hypothesis 
of the meteoric water and am inclined to believe that the silification 


was carried on by m-igmatie water containing SiOjj in solution. 

The cooling of lava is an extremely slow process chiefly due to 
the fact that the upjier layers of the cooled lava are usually very bad 
conductors of heat, and thus it is quite possible that the magmatic 
water containing SiOg in solution was rising upwards and gradually 
attacking and replacing the already consolidated portions of rocks, 
Reference may be made in this connection to the recently published 
paper of Dr. Permor in which palagonitisation and serpentinisation 
are supposed to be due to magmatic water. ^ Attention may also 
be drawn to a case in which Sir Thomas Holland ^ described the 
alteration of a peridotite by water and carbonic acid which were 
‘originally included in, and uniformly distributed in sufficient cpiantity 
through, the magma,^ so that in this case ^ The consolidation of the 
rock and its alteration were, if the phenomena have been correctly 
read, continuous.’^ 


« Roc. Gcol. Snrv. Ind,, Vol. XLIX, pp. 220-222, 1018. 

7 Rec. G^ol. Siirv. Ind., Vol. LVITT, pp. 93-240, 1925. 

» Mem. Gcol. Sarv. Ind., Vol. XXXIV, pp. 1-9, 1901. 

» Reference may be made, in this connection, to the case of the silieifieation 
detected in the*ofiso of the recent volcano of the Koh-i-Sultari in Raluchistan by 
the late Mr. Vrodenbar^, according to whom * silieifieation has also taken place 
in some localities* Superheated vapours charged with silica have found their 
way through vertical cracks and little by little the substance of the rock has 
"been replaced by silica, causing the altered portion to resist weathering better 
than the unaltered rock, so that it stands out resembling a dyke.* (Mem. Geo. 
gurv. Ind., Vol. XXXI, p. 279, 1901.) 



PLATh 1. 



liotomieio by Maitra. 


Sili(‘irie(l basalt x 1-S 
a ~ Plai^ioclase plienoe ryst. 
Basaltic j^rounJrnass. 
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Division No. 2 is next to be dealt with. The rock included in 
tins ^Yo\i\) is exposed at several places in the area, but the section 
exposed on the eastern side of the Sion Fort Hill shows its nature 
anniistakably and proves that the so-called trap])ean breccia is nothing 
bnt a lat critic decomposition product of the underlying basalt. 

» T' (' wliitc trap of Dharavee (No. 4) is white to brown in colour 
|i Ohsn lerably decomposed. There are two sp('cimens of this rock 
iy posire'ssion, one presetited by Mr. Ribero and the other cidlected 
by m; Doth of them are weathered, only one mo?;e than the 

other- ■ In- -pecitie gravity ot the rock is 2 *.‘30. When studied with 
the i) ip of a microscope, tlie porphyritic nature of the rock becomes 
at once clear. '\ he phenocrysts arc chiefly orthoclase with plagioclase 
in a holocrystalline groundmass mainly "composed of plagioeiase. 
Quartz is also found in the groundmass, but taking into eonsideratio*n 
the extremely decomposed nature of the rock, it is di/fieiilt to say if 
the grains of quartz are wholly secondary or partly secondary and 
partly original. The slide also shows copious iron-ores, black and 
brown to yellowish-brown in colour, 'fhey may be taken to have 
been derived from the decomposition of smne ferromagnesian silicates 
but no traces of these minerals appear to have been left. Dr. Fox 
has in his ])ossession specimens of syenite-porphyry obtained from a 
])lacc called Kharodi. In course of a discussion I had with him 
regarding tlie nature of the Bombay rocks he vei;v kindly drew my 
attention to the syouile-prophyry in his collection and the remarkable 
similarit y between his specimens and tin* specimens collected by me 
from Dharavee. The specimen of Dr. Fox is more fresh but it also 
does not show the presence of any ferro-magn(?sian eonstitueut. In 
his work dealing with the basaltic rocks of Bombay McMahon 
pointed out the presence of jn’iinary magnetite in them ’ and 
tliere is nothing to prevent us from attributing the magnetitie iron- 
ores of this rook to the same source while the browu to yellowish 
brown oxides of iron may be looked upon as having been derived 
from the primary magnetite. The change in this ease is one chiefly 
of hydration and, according to Van Hise, may be expressed by the 
following equation : — 

4 Fo,0^ + -^ 0 + ‘J H20 = S (2 Fe,0,. 3 H„^) + K* 

In his elaborate study of the Bhuswal section of tJie Deccan trap 
Dr. Fermor ' ' has distinguished between two types of primary 

Hec. Gool. Suit. Ind., Vol. XVF, pp. 42-50, 1883. 

' ' Kec.^eol. Suit. ImL, Vol, LVIIJ, p. 100, 1925. 
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iroD-ore^,(i) 'occurring mainly in granules with bars/ and (ii) 'usually 
in^ bars^nly' as being preset, in it and the iron ores found in “this 
i^ck are of the granular pattern described by Dr. Fermor. Tbs 
granules of iron*ore appear to encroach on the crystals of plagioclaifee 
in inauner indicated by Dr. Fermor. ’ 

The Dharavee specimens come from a definite horizon, namely 
that underlying the fresh- water frog-bearing beds and it is not 
known whether the Dharavee exposures are contemporaneous with the 
rock from Kharodi which is 4 miles west of the Malad ftailway 
Station and at distance of about 10 miles from Dharavee. The 
Dharavt-e exposure, however, shows that at least in this locality the 
basaltic magma was passing to a phase more acidic, to a later 
effusive stage and this stage was followed by a temporary cessation 
m the outpour of the lava as represented by the overlying fresh-water 
series. 













